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The technological advances in radiography, along with the increasing role played by 
radiographers, require a shift in the training of radiographers at undergraduate level. 
One of the major shifts has been in the use of technology for learning, teaching and 
assessment (LTA) which plays an important role in the development of both explicit 
and implicit knowledge. There has thus been increased interest in the use of 
technology-enhanced learning, teaching and assessment (TELTA) in radiography 
education. One of the approaches to the use of TELTA has been the implementation 
of various virtual tools, including computer-aided detection (CAD) tools.  
The aim of this exploratory design science research (DSR) study was to design a CAD 
tool for training student radiographers in chest pattern recognition, followed by the 
evaluation thereof and exploration of the students experience of the CAD tool. The 
study employed the DSR methodology which was implemented in five phases: a) 
awareness of the problem, b) suggestion, c) development, d) evaluation and e) 
conclusion. The CAD tool (artefact) was designed using Microsoft Visual Studio which 
operates on the Structured Query Language (SQL) server. The artefact was then 
evaluated using a combination of quantitative and qualitative approaches. The 
designed artefact could not be tested for usability with the students as originally 
intended because of a few technical challenges. 
The System Usability Scale (SUS) was used to quantitatively evaluate the artefact and 
revealed that the artefact had an average score of 70.1, exceeding the score of 68 
which is generally accepted to indicate that the artefact has good usability. The 
qualitative evaluation revealed that the artefact was designed adequately while 
identifying the limitations that prevented the version of the software to be implemented 
for wider usage.  
The study only addressed two out of the four objectives that were originally planned 
for the study. The objectives that were realised were the actual design of the artefact 
and the evaluation of its usability including its ability to allow timeous communication 
(and feedback) between the instructor and the students. The two objectives  that were 
planned for exploring how the students experience the artefact and if it enhances their 
implicit skills, were not realised. In retrospect, the original study plan was over 
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1.1 BACKGROUND  
Radiography is a dynamic field that has seen various developments aligned with 
technology advancements in the manufacturing of equipment used in the medical field. 
As highlighted by Herring (2016:2), Fornell (2013) and the European Society of 
Radiology (ESR) (2010), these advances have assisted in the realisation of several 
desired outcomes, including the following: 
 Improved image quality with the ability to display various densities; 
 Reduced patient dose without compromising image quality; 
 Ability to image various systems in various dimensions; 
 Archiving and accessibility, which assist with better access for viewing and 
reporting at multiple sites; 
 Better understanding of disease processes, leading to better patient 
management; and  
 Role extension of radiographers into areas such as pattern recognition. 
While these developments have taken place, the scope of practice for radiographers 
has also changed (The College of Radiographers, 2003:6). These changes can be 
seen to be due to both Role Extension (RE) and the advances in technology which 
has led to altered roles and responsibilities. RE for radiographers has been introduced 
in several countries, especially in the United Kingdom. Hardy (undated) defines RE as 
a post-qualification acquisition of skills, responsibilities and resultant associated 
additional professional accountability. RE allows radiographers to apply the red dot 
system on radiographs when reviewed. However, for radiographers to be competent 
in RE, adequate additional training is required.  
Contrary to RE training, at undergraduate level student radiographers are given a 
broad training affording them competency and practice in general radiography (White 
& McKay, 2004:217). Upon obtaining the qualification, the student radiographers are 
therefore not specialists in a particular field, even though they may be expected to play 
a role which can sometimes demand specialist expertise, including image 
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interpretation. According to The College of Radiographers (2003:14), higher education 
institutions were already reporting the introduction of basic image interpretation skills 
training into the undergraduate level. With this approach, the student radiographers 
are expected to possess reasonable levels of image interpretation skills at exit of their 
undergraduate study period. The situation is not dissimilar in the South African context. 
During undergraduate studies, students are taught basic pattern recognition skills and 
this will be expected to be at a higher level within the recently introduced four-year 
bachelor degrees. Student radiographers should therefore receive adequate training 
at the undergraduate level with regards to pattern recognition especially for those 
examinations that are commonly requested. 
One of the commonly requested examinations in a Radiology Department is the chest 
radiograph because it serves as a good initial examination for a large variety of 
conditions. Yet, it is one of the most difficult to interpret due to a variety of changes 
that can manifest in the respiratory system, some of which can be so subtle that they 
are not visible to the untrained human eye.  
Within the hospital environment, the chest radiograph is usually the first method of 
imaging that is used since its value is not limited to the diagnosis of the chest 
pathologies (respiratory system) only (Eisenberg & Johnson, 2007:268). It has been 
reported that in the UK imaging departments, plain examinations account for 62% of 
imaging studies and approximately 20% are of the chest (Piper, Cox, Paterson, 
Thomas, Thomas, Jeyagopal & Woznitza, 2014:94). Chest imaging plays a crucial role 
in the diagnosis of pathologies related to other systems such as the cardiovascular, 
skeletal and gastrointestinal. Reporting on the images is crucial in the correct 
diagnosis and management of the patient. 
It is the researcher’s view that the technological advances in radiography, along with 
the increasing role played by radiographers, require a shift in the training of 
radiographers at undergraduate level (Lindner, 2017; Malathi, Sandhu, Bhat & 
Nagaraju, 2016:111; Price, 2006:20; Sandars, 2003; Shanahan, 2016:217). One of 
the major shifts is the use of technology for learning, teaching and assessment (LTA) 
(LTA in this context cuts across the theoretical and clinical practice dimensions). The 
use of technology (for example optical mark readers, computer-based software, virtual 
tools) for LTA can reduce error rates, decrease administration time while increasing 
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quality standards (Qpercom, 2017). The benefits of the use of technology have 
contributed to the changes in the curriculum in the radiography profession. As early as 
2006, Price (2006:20) identified the need for a change in the curriculum in 
Radiography as a result of technology innovation. For example, in the analogue era, 
teaching was based on the use of analogue images viewed using a light box.  
However, in the digital radiography era, teaching should also be based on the use of 
digital images viewed on various computer systems. The LTA approach used should 
also be aligned with the skills that need to be developed or enhanced among trainees. 
Educating health care professionals (inclusive of radiographers) requires the 
development of both explicit and implicit knowledge. Chen, Roth, Galperin-Aizenberg, 
Ruutiainen, Gefter and Cook (2017:1428) point out that explicit knowledge is gained 
when learning takes place through the attendance of lectures or studying of the 
relevant text, whereas implicit knowledge is gained when learning takes place through 
the development of  skills that are acquired through the process of repetitive stimulus-
response binding.  This understanding has led to an increased interest in the use of 
technology-enhanced learning, teaching and assessment (TELTA) in medical/health 
education (Ruiz, Mintzer & Leipzig, 2006).  Sandars (2003) noted as early as 2003 
that TELTA provides a platform that is attractive to the LTA stakeholders while 
delivering high-quality personalised learning. The use of TELTA in the training of 
students in pattern recognition, where implicit reinforcement is critical, is thus ideal 
(Chen et al., 2017:1429).   
Implicit reinforcement is critical because pattern recognition as a clinical skill allows 
the knowledge that has been transformed into performance to be integrated into 
practice (Qpercom, 2017:5).  Implicit reinforcement thus enhances mastery of the skill, 
leading to better practice. Malathi et al. (2016:111) highlight that skills reinforcement 
in undergraduate training is essential in the success of competency-based medical 
education and this is also true for a discipline such as radiography.  
One of the approaches to the use of TELTA has been the implementation of various 
virtual tools. Radiography education has seen an increased use of these tools and 
some of the now commonly used virtual tools include:  
 Shaderware (http://www.shaderware.com/);  
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 Virtual Medical Coaching (http://www.virtualmedicalcoaching.com/) ; 
 The Virtual Radiographer (http://www.virtualradiographer.com/); and  
 Ziltron (https://www.ziltron.com/).  
These tools focus on enhancing radiographic technique skills and some of them 
include applications for teaching some applied sciences/physics. The above examples 
of virtual teaching tools available to radiography educators also confirm that the 
paradigm for radiography education has shifted to include the use of computer-based 
teaching and immediate automated feedback as a reinforcement process also 
highlighted as critical by Chen et al. (2017:1429). 
Despite the growing number of computer-based teaching tools available to 
radiography educators, it is imperative that pragmatic principles be applied to augment 
the pedagogy used in teaching with technology-enhanced approaches (Anderson & 
McCormick, 2005). The foundation for this view is based on the argument that 
educators need to acknowledge that students are not passive recipients since they 
have agency. Gerstein (2013) defines student agency as the capability of individual 
human beings to make choices and to act on these choices in a way that makes a 
difference in their lives.  
Radiography education appears to be mindful of the concept of student agency as 
simulated learning has become a popular method of TELTA. Simulated learning gives 
the student an opportunity to make clinical choices in a safe environment without 
involving actual patients.  Examples of radiography programmes for simulated learning 
include the use of: 
 Software packages designed to teach specific radiography practice skills; 
 Software packages that are dedicated to teach human anatomy and physiology 
related aspects; and  
  Computer-aided detection (CAD) tools. 
An example of the software package to teach specific technique skills is Shaderware 
(http://www.shaderware.com/). It is a virtual software package which affords students 
the opportunity to develop clinical skills in diagnostic radiography in a manner similar 
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to what they would encounter in the workplace. Ziltron (https://www.ziltron.com/) is an 
example of a software package that, among other things, teaches students to identify 
and evaluate radiographic anatomy and surface anatomy to assist with positioning of 
patients for radiographic imaging.   
Recently, the use of CAD tools has shown growth as a consequence of Industry 4.0. 
The developments have led to significant digital transformation that requires end users 
to consider how they take advantage of these transformations to incorporate them in 
their radiology and training strategies (Lindner, 2017). This growth is seen largely in 
the use of Artificial Intelleligence (AI) in radiology. AI system can help to reduce 
diagnostic and therapeutic errors that are inevitable in the human clinical practice 
(Jiang, Jiang, Zhi, Dong, Li, Ma, Wang, Dong, Shen, Wang (2017). Paiva and 
Prevedello (2017) assert that AI with the development of artificial neural networks 
allowed some of the problems with other machine learning techniques to be solved. 
The use of AI in radiology has been so drastic and Pesapane, Codari and Sardanelli 
(2018) report that AI publications increased from about 100–150 per year in 2007–
2008 to 700–800 per year in 2016–2017.  Paiva and Prevedello (2017) conclude that 
AI, and gives the use of CAD as an example, increases the amount of data and leads 
to improved accuracy. They point out that the application of AI in medical imaging, 
including, but not limited to, image processing and interpretation, is one of the most 
promising areas of health innovation. Pesapane, Codari and Sardanelli (2018) add 
that computer aided reporting is one of the areas of application of AI in radiology. The 
current therefore is therefore aligned to the use of AI as a form of computer aided 
detection.  
According to Pesapane, Codari and Sardanelli (2018) AI has Deep learning (DL) and 




Figure 1.1 Deep learning as a subset of machine learning methods, which represent 
a branch of the existing artificial intelligence techniques (Pesapane, Codari and 
Sardanelli, 2018). 
  
The need for the development of  CAD tools, aligned to AI, that can enhance the skills 
in the teaching and assessment of pattern recognition n skills at undergraduate 
radiography level cannot be overemphasised. While various CAD systems have been 
developed for radiography practice (e.g. pattern recognition, image interpretation) and 
training needs for chest imaging, most developments have focused on image 
interpretation and more specifically on the detection of specific pathologies within the 
respiratory system, e.g. malignant lesions and tuberculosis. In addition, the 
development of CAD tools must address context practice and training needs. Such 
tools must also be developed for academic purposes with a clear intent for implicit 
skills reinforcement, thus enhancing students’ implicit clinical skills.  
While there may be software packages and CAD tools available that can be purchased 
to teach implicit clinical skills, there are several advantages of custom-designed 
software packages, one of which is that it allows for the creation of a tailor-made 
solution for the needs of that organisation (Wondershare, 2016). As shown above, 
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there is a need for the development of software packages or CAD tools that address 
context-related training needs at undergraduate level. In the current study, the CAD 
tool design was tailor made for the LTA strategies of the University of Johannesburg 
(UJ) (context).  
Most of the advantages of custom-designed software packages are aligned to the 
epistemology of the design science research (DSR) paradigm. This epistemology is 
based on the concept of ‘knowing through making’, which implies the generation of 
new knowledge while deriving the results of the design. This accords well with the LTA 
strategy used at UJ, which has adopted the use of technology as an important pillar. 
The DSR ontology also considers the alternative world-states, thus allowing 
exploration that will derive a tailor-made solution (Vaishnavi & Kuechler, 2004).  
Wondershare (2016) highlights advantages of custom-designed software packages as 
personalised solutions, cost-effectiveness, security, flexibility and compatibility. 
However, custom-designed software packages have a major disadvantage of time as 
they may take months, if not years, to be developed, as was the case in the current 
study. 
  
1.2 PROBLEM STATEMENT 
TELTA is gaining momentum in health care education. Worldwide there has been a 
shift in radiography education to align educational paradigms with technological 
developments that enhance the development of implicit skills. Radiography LTA 
literature has embraced this teaching paradigm shift and supports the use of TELTA. 
One of the major shifts in the approach to teaching and learning has been in the use 
of technology with increased interest in and use of TELTA. The developments in 
radiography education have therefore resulted in the extensive use of various 
technology-based approaches for both authentic and simulated learning. 
There is, however, a gap in current practice in the availability of custom-designed 
software packages/artefacts for implicit skills reinforcement in undergraduate training 
in radiography as an essential drive of the success of competency-based education, 
especially within the South African context. Such a tool would provide valuable 
assistance in developing students’ ability to recognise patterns in radiographs and 
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would provide them with a platform from which pattern recognition skills could be 
developed. Furthermore, such a tool (henceforth referred to as an artefact) would 
make a significant contribution to the TLA of radiographers and would assist in 
enhancing the mastery of pattern recognition skills, leading to better practice.  
 
1.3 RESEARCH QUESTIONS 
In order to enhance radiography education in the South African context, the following 
questions were derived from the above background and problem statement: 
 Can the use of a custom-designed artefact enhance implicit skills of students in 
a radiography training programme in terms of pattern recognition skills? 
 If such an artefact is designed, can it provide feedback to students and enhance 
authentic and independent learning by students while still allowing the students 
to pace their learning? 
 Can such an artefact be adapted for use for multiple systems/regions in the 
body? 
      
1.4 RESEARCH AIM AND OBJECTIVES      
1.4.1 Aim of the study  
The aim of this exploratory DSR study was to design, implement and test an artefact 
for training student radiographers in chest pattern recognition. In the context of this 
study, the artefact was developed with the intent to: 
 Be based on sound pedagogical principles that support the use of TELTA; 
 Be an authentic tool that students can associate with their digital radiography 
(DR) equipment used in the clinical environment; 
 Be used to provide feedback to students while enhancing training; 
 Allow for student-paced training while providing for repetitive stimulus to 
enhance implicit skills; and 
 Be an artefact that students can use without needing a full-time instructor to be 
present and yet remain user-friendly. 
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1.4.2 Objectives  
In the light of the above aim and the associated intents, the following objectives guided 
the study: 
 
1.4.2.1 The first objective  
To design an artefact for plain radiography chest imaging using the current pattern 
recognition guidelines. 
 
1.4.2.2 The second objective 
To evaluate the artefact in terms of its usefulness as an authentic tool that enhances 
implicit skills.  
   
1.4.2.3 The third objective  
To evaluate the artefact in terms of its ability to provide feedback to students and allow 
communication with the instructor.  
   
1.4.2.4 The fourth objective 
To explore the students’ experiences of using the artefact. 
  
1.5  RESEARCH HYPOTHESES 
The current study followed the notion that in DSR the hypothesis can be created once a 
problem is identified, but also considered that the hypothesis continuously changes as 
the study progresses (Offermann, Levina, Schönherr & Bub, 2009; Vaishnavi & 




1.5.1 Hypothesis 1  
A custom-designed artefact can be designed for teaching pattern recognition skills in an 
undergraduate radiography programme. 
 
1.5.2 Hypothesis 2  
A custom-designed artefact will enhance the pattern recognition skills (implicit skills) of 
students in an undergraduate radiography training programme. 
 
1.5.3 Hypothesis 3 
The artefact will allow timeous feedback and communication between the students and 
the instructor. 
 
1.5.4 Hypothesis 4 
Students will have a positive experience of the use of an artefact while achieving better 
performance and experiencing lower stress levels. 
 
1.6 RESEARCH PARADIGM 
The DSR design paradigm has implicit philosophical assumptions which were applied in 
this study. It is important to note that in DSR, as the research project progresses, both 
the ontological and the epistemological viewpoints shift (Vaishnavi & Kuechler, 2004). 
Ontologically the DSR considered the alternative world-states and was a good platform 
for collaborative research in this study. It allowed the consideration of various artefact 
design approaches, including the type of software support.  Epistemologically the DSR 
design is pragmatic since it is concerned more with practical results than with theories 
and principles. The results are based on the concept of ‘knowing through making’, which 
implies the generation of new knowledge while deriving the results of the design.  
However, the foundational knowledge of the approaches currently used in training 
student radiographers in pattern recognition was critical in the design phase of the study. 
The axiological assumption authenticated the value of the study. With this paradigm it 
11 
 
was important to value creative manipulation and control of the environment in addition 
to more traditional research values such as the pursuit of truth or understanding (Hevner 
& March, 2003). As such, the DSR design allowed a far higher tolerance for ambiguity 
than is generally acceptable in other research paradigms, e.g. in the positivist research 
stance.   
 
1.7 STUDY DESIGN 
The methodological approach that was employed in this study was the DSR design, 
which is a methodology generally used in the information systems (IS) field. The 
research process consisted of five important steps: 
 Awareness of problem: This entailed the development of the proposal based on 
the identified problem of the lack of availability of artefacts that are designed 
specifically for training radiographers in chest pattern recognition.  
 Suggestion: In this creative phase new functionality was envisioned based on a 
novel configuration of new and existing elements. For the purpose of this study, 
the design of an image analysis tool was envisioned for use in training student 
radiographers in chest pattern recognition. 
 Development: This phase involved the development of the artefact in line with the 
pattern recognition guidelines for chest radiographs. The output of this phase was 
the artefact.  
 Evaluation: This phase involved the evaluation of the artefact against the set 
guidelines to ensure that it does what is intended. Any deficits/shortcomings of the 
tool were carefully noted and explained. This phase also yielded results of 
evaluation and additional information (both gained in the design and running of the 
artefact) which were instrumental in leading the study to conclusions and 
recommendations.  
 Conclusion: This phase entailed the consolidation and writing up of the study, 
including the categorisation of the knowledge gained in the process.  
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The study was conducted at the University of Johannesburg (UJ) as a collaborative 
project between the Departments of Medical Imaging and Radiation Sciences (MIRS) 
(Faculty of Health Sciences or FHS) and of Mechanical Engineering Science (MES) 
(Faculty of Engineering and the Built Environment or FEBE). The MES was 
instrumental in the actual development of the CAD tool. The MIRS Department 
(location of primary researcher) was instrumental in: 
 The compilation of the guidelines that informed the artefact development;  
 Validation of the adequacy of the artefact; and  
 Evaluation of the artefact.   
The artefact was evaluated by testing it as a live tool using a combination of 
quantitative and qualitative evaluation approaches. The quantitative evaluation 
approach employed the System Usability Scale (SUS) which provides a reliable tool 
for measuring usability (Usability.gov, 2018). Purposive sampling was used to select 
the participants for the quantitative evaluation of the artefact. The selection method 
was based on the fact that the study focused on the applicability and suitability of the 
tool in training student radiographers. The participants were the academic staff 
members who were involved in radiography education in the department where the 
study was located.  
The qualitative evaluation approach used the model proposed by Prat, Comyn-Wattiau 
and Akoka (2014), which has a hierarchy of criteria to evaluate artefacts in DSR. The 
use of this model was substantiated by the use of the framework proposed by Cleven, 
Gubler and Hüner (2009), which allowed a reflection on the variables and values of 
the artefact and its design process.   
Validity and reliability were addressed in this study while considering the fact that DSR 
design is validation research in itself because it involves the validation of an 
artefact/tool that has been designed (Wieringa, 2010).   Reliability of the study was 
ensured through adequate description of the theory that informed the study (including 
assumptions) and by describing in detail how the study was conducted, including the 
derivation of the findings from the data (audit trail). 
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Data analysis involved the analysis of the focus group interviews, during the 
suggestion phase, using the qualitative data analysis approaches. Themes were 
generated and the meaning of the data was interpreted to generate user input 
(Creswell & Clark, 2011:14). Data analysis also involved the analysis of the SUS 
questionnaire during the evaluation phase. The analysis of the SUS questionnaire 
followed a specific scoring system which will be described in chapter 3 under data 
analysis. Permission to conduct the study was sought from the FHS of UJ.   
  
1.8  SIGNIFICANCE OF THE STUDY  
1.8.1 Significant contributions 
The design of the artefact will enhance the use of TELTA in radiography education 
with the potential to enhance the implicit skills necessary to develop pattern 
recognition ability in radiography students. It will provide students with an authentic 
TLA opportunity to develop clinical skills in a structured, supportive and safe 
environment. The development of these skills will have the additional advantage of 
preparing students for role extension into image interpretation, which in turn will result 
in supporting the development of the profession. Furthermore, as health care in SA is 
largely a resource-strained environment, the ability to teach clinical skills outside of 
the clinical environment will reduce the training burden placed on staff in facilities 
which are short-staffed and under-resourced. The artefact will enable the TLA of 
pattern recognition in the university rather than in the clinical environment, thereby 
providing a real-world learning experience that enhances the implicit skills required.   
This study also adds value in terms of increased awareness of radiographic software 
package design possibilities and will yield further similar projects in future.  The other 
main contribution of this study is a review of the efficacy of the artefact that was 
developed and the feedback that was provided to the designers about the nature of 
the problems/inefficiencies/educational gaps.  
At the completion of the study, the results of the study had already been presented 
through the following platforms: 
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 European Congress of Radiology (ECR) 2018, held in Vienna, Austria in March 
2018 (oral presentation). 
 The 19th International Society of Radiographers and Radiation Technologists 
(ISRRT) World Congress held in South Korea, Seoul in October 2016 (oral 
presentation). 
 SA 2015 IMAGING CONGRESS hosted by the Radiological Society of South Africa 
(RSSA) and the Society of Radiographers of South Africa (SORSA). The 
presentation was awarded the best oral presentation, which came with a prize to 
sponsor a presentation at an international conference. 
 
1.8.2 Collaboration and future prospects 
This study has provided a platform for collaboration between the two faculties, i.e. FHS 
and FEBE. It is envisaged that this project will be the beginning of other future 
collaborative projects with the potential for establishing a research niche area. The 
researcher plans to enhance the software and design apps as part of post-doctoral 
activities. Future plans also include the following: 
 Enhancement of the artefact’s capabilities; 
 The enrolment of MTech students to play a part in various sub-projects; 
 Collaboration with other universities with which MIRS has a memorandum of 
agreement; and 
 Commercialisation of the artefact. 
 
1.9 DEFINITION OF TERMS 
 
1.9.1 Computer-aided detection  
 
Computer-aided detection (CAD) is any tool that is designed with the purpose of 
decreasing observational oversights by the image reviewer while being implemented 





1.9.2 Computer-aided diagnosis  
 
Computer-aided diagnosis (CADi) refers to a software tool which has the ability to 
analyse and estimate the likelihood that a particular radiographic finding represents a 
particular disease process (Castellino, 2005:17). 
 
1.9.3 Scaffolding learning 
 
Scaffolding learning refers to a variety of instructional techniques used to move 
students progressively toward stronger understanding and, ultimately, greater 
independence in the learning process. When the scaffolding approach is used, specific 
features will be in place to allow students to internalise the knowledge, leading to 
mastery of that knowledge (Attwell & Hughes, 2010:22). 
 
1.9.4 Student agency 
 
Gerstein (2013) defines student agency as the capability of individual human beings 





Constructivism is a theory based on observation and scientific study about how people 
learn. It says that people construct their own understanding and knowledge of the 
world, through experiencing things and reflecting on those experiences (Educational 
Broadcasting Corporation (EBC), 2004). 
 
1.9.6 Pattern recognition skills 
Pattern recognition skills may be defined as the ability to recognise normal anatomical 
and physiological appearances on an image and those variations of appearances 
which may indicate pathology (Corr, 2001:3). 
 
1.9.7 Role extension 
 
Role extension is a post-qualification acquisition of skills, responsibilities and resultant 
associated additional professional accountability (Hardy, n.d.). 
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1.9.8  Role development 
Is defined as the representing quantitative and qualitative change in the way 
radiographers contribute to patient management and health care services (The 




Simulation is a technique that replaces and amplifies real experiences and it can evoke 
and replicate substantial aspects of the real world in an interactive manner (Jones, 
Passos-Neto, Braghiroli, 2015:57).   
 
1.9.10 Blended learning 
Vaughan, Cleveland-Innes and Garrison (2013:1) define blended learning as the 
organic integration of thoughtfully selected and complementary face-to-face and 
online approaches and technologies.   
 
1.9.11 Mastery learning 
Shelly, Cashman, Gunter and Gunter (2004:6.63) define mastery learning as a model 
for learning in which students continue to gain information and knowledge until they 
have mastery of content. 
 
1.9.12 Explicit knowledge  
Explicit knowledge is defined as knowledge that is written down and is accessible in 
one way or another (Knowledge Bird, 2012). It can thus be learnt by consciously 
studying a textbook or attending lectures (Chen et al., 2017:1428). 
 
1.9.13 Implicit knowledge 
Implicit knowledge is defined as knowledge that is not written down yet but is largely 
procedural and not dependent on an individual’s context (Knowledge Bird, 2012). It 
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can thus be learnt by process of repetitive stimulus-response binding (Chen et al., 
2017:1428). Implicit knowledge leads to the development of implicit skills, i.e. skills 




A skill can be defined as the ability, coming from one’s knowledge, practice, aptitude, 
etc., to do do something well (http://www.dictionary.com/browse/skill).   
 
1.9.15 Usability 
Usability refers to the ease with which a person can use a product in a particular set 
of circumstances (Sandars, 2010:6). 
 
1.9.16 System Usability Scale 
The System Usability Scale (SUS) is a simple, ten-item scale giving a global view of 
subjective assessments of usability (Usability.gov, 2018). 
 
1.9.17 Authentic  
Authentic can be defined as anything that is genuine, having an origin supported by 
unquestionable evidence (http://www.dictionary.com/browse/authentic).  
 
1.9.18 Artificial Intelliegence (AI) 
AI refers to a field of computer science dedicated to the creation of systems performing 
tasks that usually require human intelligence, branching off into different techniques 




1.9.19 Deep learning (DL) 
DL refers to representation-learning methods with multiple levels of representation, 
which process raw data to perform classification or detection tasks (Pesapane, Codari 
& Sardanelli, 2018). 
 
1.9.20 Machine Learning (ML) 
ML is a term used to describe includes all those approaches that allow computers to 
learn from data without being explicitly programmed (Pesapane, Codari & Sardanelli, 
2018). 
 
1.10 OUTLINE OF CHAPTERS 




Figure 1.2 Framework of chapters  
     
CHAPTER 7: CONCLUSION
This chapter presents the conclusion of the study as well as the limitations and recommendations of 
the study.
CHAPTER 6: RESEARCH OUTCOME AND CONTRIBUTION OF THE RESEARCH
This chapter presents the outcome of the study, its impact, future collaborations and the contributions 
of the study. 
CHAPTER 5: EVALUATION OF THE ARTEFACT
This chapter focuses on the evaluation of the artefact by using qualitative and quantitative approaches, 
followed by a reflection on the variables and values that were evaluated using a suitable framework. 
CHAPTER 4: RESULTS
This chapter presents the results of the study with a focus on the development phase.
CHAPTER 3: RESEARCH METHODOLOGY 
In this chapter the research design and methodology that were used are outlined. The type of data 
collected, the selection of participants, the approach used in the design of the artefact, statistical 
methods used and ethical considerations are highlighted.
CHAPTER 2: LITERATURE REVIEW
This chapter consists of a literature review that underpins the theoretical framework that informed this 
study. Relevant research done internationally is reviewed, including the various approaches that are 
used in the design of the artefacts and role extension in radiography.
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1.11 SUMMARY  
In this chapter the background information that led to the research work undertaken 
was highlighted. This was supported by relevant literature. The aim and objectives of 
this research were presented, including a brief discussion of the study design. In order 
to enhance the contextualisation of the study, the salient terms were defined. The 
outline of chapters was also presented. The following chapter is a review of the 







The aim of this study was to to design, implement and test an artefact for training 
student radiographers in chest pattern recognition. The focus of the study was not on 
chest pattern recognition but on the artefact itself and how students experience it. The 
intention in this chapter is to introduce the key concepts and theories relating to this 
study and provide an extensive review of the literature related to this study.  
Therefore, this chapter contains a cohesive account of the literature reviewed that is 
vital to the study. It begins with the background which seeks to highlight the recent 
advances in radiography aligned with technology. The discussion then focuses on the 
current radiography education approaches which have evolved as a consequence of 
technological advancements and educational developments. Aspects related to 
simulated learning, virtual teaching and suitability for the use of technology are 
explored in order to highlight how medical and radiography education has evolved in 
line with these LTA approaches.  
The importance of the pedagogy for the use of computers then receives attention 
where blended learning is introduced as the concept that supports the use of TELTA. 
The knowledge to be taught with technology is identified, including the use of Bloom’s 
taxonomy and the Technological Pedagogical Content Knowledge (TPACK) model. 
The use of CAD as a tool to aid in pattern recognition is briefly discussed, including 
the advantages and disadvantages of custom-designed software packages as the 
basis to justify the importance of the current study. The chapter concludes with a brief 
discussion of chest pattern recognition since the chest area was chosen as the region 
for which the software was designed and for which the various tutorials using the 
application were detailed. 
The chapter concludes with the importance of this study in relation to the reviewed 




Figure 2.1 Framework of chapter 2  
The framework shown in figure 2.1 was chosen in order to present the literature review 
in a structured manner while lucidly engaging the literature that informed the study. 
The core of the current study is the design of the artefact for teaching purposes within 
a radiography curriculum. It was therefore important that a thorough review of literature 
associated with various aspects related to the educational developments and the use 
of technology be given ample attention. The discussion of chest pattern recognition is 
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Over the last two decades radiography has experienced numerous developments due 
to the advances in computer technology and in the manufacturing of equipment used 
in the medical field. The ESR (2010) concedes that due to the rapid recent advances 
within imaging plus the evolving health care administration, a review of how radiology 
is regarded in terms of the possibilities that now exist is necessary. Most of these 
advances have been realised because of the move towards digital radiography.  
Several authors (Herring, 2016:2; Fornell, 2013; ESR, 2010; Körner, Weber, Wirth, 
Pfeifer, Reiser & Treitl, 2007:675) highlight that there are several advantages of these 
developments, including the following: 
 Archiving and accessibility of radiographic images, which assist with better access 
for viewing and reporting at multiple sites while affording the patients easy access 
to the archives of their radiology provision. 
 Improved image quality with the ability to display a range of densities not possible 
with analogue imaging systems and earlier versions of imaging technology.   
 Ability to image various systems in various dimensions, including the ability to 
image the physiological functions. 
 Reduced patient radiation dose without compromising image quality due to the 
image acquisition process in digital radiography (DR), provided the technology is 
used correctly. 
 Better understanding of disease processes, leading to better patient management. 
In a nutshell, DR offers many advantages and possibilities in terms of what can be 
done with the image, including the reconstruction and reformatting of images, easier 
image processing, a wide range of acquisition, rapid storage and retrieval, better 
distribution and more controlled viewing and analysis (ESR, 2010). The advances 
related to archiving and accessibility, improved image quality as well as the ability to 
image various systems in various dimensions, provide opportunities for the 
development of software-related functionalities. The technological advances in 
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radiography thus provide a golden opportunity for a shift in the training of 
radiographers at undergraduate level. One of the major shifts has been in the use of 
technology for LTA.  
It has been shown that technology can reduce error rates, decrease administration 
time while increasing quality standards, regardless of the level or method of 
assessment (Qpercom, 2017). These benefits of the use of technology have led to 
changes in how the curriculum is delivered in the radiography profession. For example, 
in the analogue era teaching was based on the use of analogue images viewed using 
a light box.  However, in the DR era, teaching should be based on the use of digital 
images viewed on various computer systems. The shift in the use of TELTA requires 
consideration of how radiography education is delivered, especially in the context of 
the development of implicit skills.  
Educating radiography students utilises both explicit and implicit knowledge. Chen et 
al. (2017:1428) point out that explicit knowledge is gained when learning takes place 
through the attendance of lectures or studying of the relevant text, whereas implicit 
knowledge is gained when learning takes place through the development of skills that 
are acquired through the process of repetitive stimulus-response binding. These skills 
are traditionally acquired in the clinical environment but can be gained using other 
approaches, e.g. simulation and virtual tools. Shanahan (2016:221) postulates that 
when appropriate approaches are used, students can repeat activities until satisfied 
with the results. The biggest need for the radiography students to develop the implicit 
clinical skills is aligned to the shortage of radiologists. 
 
2.2.1 Shortage of radiologists 
The shortage of radiologists leads to misdiagnosis since the diagnosis of the patient 
often relies on the interpretation of the imaging results by unskilled (with reference to 
radiology) professionals. The shortage is, however, geographical. For example, 
Kaplan (2015) reports that in the United States of America (USA) there is an 
oversupply of radiologists. This is in contrast to the growing shortage of physicians in 
that country. On the other hand Duncan and Cullen (2015) have reported that there is 
a shortage of radiologists in Ireland where there are five radiologists per 100,000 
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population compared with 7.8 in Germany and 11.3 in France. In the Latin America, 
the number of Radiologists per capita is as shown in figure 2.2. 
 
Fig 2.2 Radiologists workforce in Latin Workforce (Giordani, 2013). 
The situation is very bleak in the African countries as the shortage is worse. Most of 
the available radiologists are based in the urban areas and mostly serve the private 
sector, a situation that prevails in South Africa. For example, it has been reported that 
at least 14 African countries have no radiologists while most had fewer than 30 
(Andronikou, McHugh, Abdurahman, Khoury, Mngomezulu, Brant, Cowan, McCulloch 
& Ford, 2011).  The radiologists’ workforce was reported to be 1:1.5 million population 
in Tanzania; 1:1 million population in Uganda; 1:400,000 population in Kenya and 
1:100,000 in South Africa. On the other hand, Kawooya (2012) reported that countries 
like Egypt have a workforce of 1:65000 population while Nigeria has a workforce of 




Table 2.1 Number of registered Radiology professionals per population in Africa 
(Kawooya, 2012). 
 
Kawooya (undated) proposes various approaches to contest the shortage of 
radiologist. One of the approaches is RE to radiographers and he sees it as part of 
Role Development (RD) for radiographers. RE will allow for some of the functions that 
are normally performed by the radiologists to be performed by the radiographers after 
undergoing training. 
 
2.2.2  Reporting by radiographers 
The College of Radiographers (2003:6) defines RD as representing quantitative and 
qualitative change in the way radiographers contribute to patient management and 
health care services. White and McKay (2004:219) have attributed role development 
to the technological advancements and practice where roles traditional carried by 
other health care professionals are carried by radiographers. However, it is imperative 
to differentiate RD, RE and Role Expansion (REx). White and McKay (2004:219), in 
agreement with Hardy (undated), highlight that RE involves the carrying out of tasks 
not normally included in the undergraduate studies. RE therefore can lead to a 
radiographer taking a role traditionally carried out by other professionals. REx implies 
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any enlargement of the role within the boundaries of education, theory and practice 
(White and McKay, 2004:219). The main difference therefore between the two is that 
RE has to do with broadening the radiographers’ range of practice to that which is 
traditionally considered to be the role of another professional whereas REx is 
broadening the scope of practice within classically defined role/s. REx is generally 
aligned to undergraduate training since it is aligned to the scope of practice. 
Hargreaves and Mackay (2003:283) have suggested that the accuracy of 
radiographers in RE, specifically with reference to the use of the Red Dot system, can 
improve with training. In the same breath, the results of the metaanalyses study 
conducted by Brealey, Scally, Hahn, Thomas, Godfrey & Coomarasamy (2005:238), 
showed that the reporting accuracy of selectively trained radiographers is not different 
from that of radiologists of varying seniority. Radiographers can therefore be able to 
effectively function in the role of image interpretation, provided suitable training is 
given to them. 
In 2006, The College of Radiographers (Society of Radiographers, 2013) identified 
two specific roles for diagnostic radiographers: 
a) clinical reporting by radiographers who have successfully completed 
postgraduate education and training approved by the relevant controlling 
body/ies, and 
b) initial image interpretation as a development of abnormality signaling systems, 
generally referred to as ‘red dot’ systems. 
In 2012, the College of Radiographers issued a position statement which supported 
the notion of preliminary clinical evaluation (PCE) by radiographers as part of the 
ongoing patient management (Society of Radiographers, 2013). Such preliminary 
reports must be followed by a definitive report by the radiologist or another 
professional who is qualified to report. The College confirmed that both PCEs and 
clinical reporting are core parts of the radiography profession’s scope of practice, 
subject to those undertaking these roles having appropriate and relevant post 
graduate education and training. The position statement on PCE read as follows: 
“Preliminary clinical evaluation 
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In terms of developing the radiography profession relative to preliminary clinical 
evaluation, the College requires this to be a core competence for radiographers 
and be embedded in pre-registration undergraduate programmes. It is 
expected that newly qualified radiographers, following preceptorship, should 
be able to undertake preliminary clinical evaluation, including the written 
communication of these, for standard plain imaging and contrast agent 
examinations.  
Experienced radiographers should, similarly, be able to undertake preliminary 
clinical evaluation of standard plain imaging and contrast agent examinations, 
evidencing the development and enhancement of the necessary skills and 
competences in their CPD records.” (Society of Radiographers, 2013). 
The above position highlights the role to be played by radiographers within their scope 
of practice, with the training incorporated within the undergraduate training. 
Internationally, the advanced practitioner roles that incorporate radiographer reporting 
are very limited. Woznitza (2014) reported that the United Kingdom has such 
practices. 
 
2.2.3  Chest radiographs reporting by radiographers 
As reported in chapter 1, the chest radiograph is usually the first method of imaging 
that is used since its value is not limited to the diagnosis of the chest pathologies 
(respiratory system) only (Eisenberg & Johnson, 2007:268). It was also highlighted 
that Piper et al., 2014:94 have reported that in the UK imaging departments, plain 
examinations account for 62% of imaging studies and approximately 20% are of the 
chest. The role played by plain chest imaging has led to an increase in the emerging 
role played by radiographers in the reporting of these radiographs. 
Reporting by radiographers on plain chaest images dates back as early as 2002 in the 
UK, when a postgraduate certificate in Clinical Reporting (adult Chest) was validated 
by the College of Radiographers (Piper et al., 2014:95). Woznitza, Devaraj, Janes, 
Duffy, Bhowmik, Rowe, Piper, Maughn & Baldwin, 2017:521) concur that in the UK 
reporting radiographers have been trained to report chest radiographs with a view to 
minimize reporting times in patients with suspected lung cancer.  In a study by Piper 
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et al. (2014:98) on cohorts of radiographers trained on chest radiographs reporting 
between 2002 – 2009 (six cohorts, n=40), it was reported that radiographers can report 
on the broad range of adult chest pathologies with satisfactory accuracy under 
examination conditions. The study further noted generally the types of errors made by 
radiographers with cheast radiographs reporting, are likely to be similar to those made 
in the practical setting by consultant radiologists of varying experience. Another study 
done by Woznitza, Piper, Burke, Patel, Amin, Grayson and Bothamley (2014:228) to 
examine the adult chest radiograph reporting performance of a reporting radiographer 
in clinical practice, it was concluded that there was very high concordance between 
the radiographer and each radiologist, 96%, 96% and 92% respectively. In another 
study, it was reported that  (Woznitza, Piper, Burke & Bothamley, 2018) it was reported 
that reporting radiographers and radiologists demonstrate similar levels of diagnostic 
reporting accuracy for chest radiographs interpretation. 
The emerging results and trends are showing that radiographers, with appropriate post 
graduate training, can report on chest radiographs to the same accurate level as 
radiologists. 
 
2.2.4 The South African situation 
Williams (2006:15) reported that in some South African health care institutions RE (in 
the form of the Red Dot system) system was adopted during the 1980s. However, 
there is no available evidence of this being sanctioned by the professional body within 
the South African context. The current scope of the profession of Radiography as 
legislated by the Health Professions Council of South Africa (HPCSA) does not include 
image interpretation. However, the current scope of the profession is currently being 
revised and the proposed scope of the profession will incorporate image interpretation 
for specific body regions which can be done if a practitioner is in possession of a post 
graduate training qualification (Radiography and Clinical Technology Board, 2018). 
The training of students at the undergraduate level in Radiography within the South 
African environment, only prepares the students for pattern recognition of images 




2.3 CURRENT RADIOGRAPHY EDUCATION APPROACHES 
In the last few years there has been increased interest in the use of TELTA in 
medical/health education (Ruiz et al., 2006).  Sandars (2003) noted as early as 2003 
that TELTA provides a platform that is attractive to the LTA stakeholders while 
delivering high-quality personalised learning. The use of TELTA in the training of 
students in clinical education (in the context of this study, in pattern recognition), where 
implicit reinforcement is critical, is thus ideal (Chen et al., 2017:1429).  However, there 
have been fewer opportunities in radiography/radiology outside of clinical service for 
active implicit skills reinforcement. There are generally implicit skills reinforcement 
opportunities within the clinical radiology department where the skills have to be 
applied (Chen et al., 2017:1429).  Availability of platforms for implicit skills 
reinforcement outside of the clinical arena would be advantageous as it would give 
students the opportunity to sharpen their skills without the intimidation of interfering 
with service delivery or making errors that may have a bearing on the patient 
management outcome. 
Implicit skills reinforcement is critical because pattern recognition as a clinical skill 
allows implicit knowledge to be transformed into clinical practice (Qpercom, 2017:5). 
It has been shown that knowledge can be transformed into performance after the 
demonstration (showing) of learning. Demonstration of learning can be done through, 
for example, simulations and OSCEs (figure 2.3) (Qpercom, 2017:5). This 
transformation moves students from the cognition to the behaviour domain. Virtual 
teaching tools (e.g. the artefact being developed in the current study) are therefore 
excellent tools for the process of transforming knowledge into performance when used 




Figure 2.3 Miller’s prism of clinical competence (Qpercom, 2017:5)  
 
Malathi et al. (2016:111) highlight that skills reinforcement in undergraduate training 
is essential in the success of competency-based medical education and this is also 
true for a discipline such as radiography. Implicit skills reinforcement can be achieved 
using various approaches such as simulated learning platforms combined with the 
relevant technology. 
 
2.3.1 Simulated learning 
Simulation in health education was first realised in medical education, thus called 
medical simulation. Simulation can be used for learning and training as well as for 
assessment of performance (Lateef, 2010:349). There are various definitions of 
simulation but the essence of simulation is creates an educational environment in 
which learning occurs through the use of a device, mannequin, or team, without the 
presence of an actual patient. Jones et al. (2015:57) defines simulation as a technique 
that replaces and amplifies real experiences and it can evoke and replicate substantial 
aspects of the real world in an interactive manner.   
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Lateef (2010:348) sees simulation as a technique (not a technology) to replace and 
amplify real experiences with guided ones, which has the ability to evoke or replicate 
substantial aspects of the real world in a fully interactive fashion. Shanahan (2016:217) 
reports that the use of simulation in supporting the development of preclinical technical 
skills in radiography can adopt multiple approaches, which could include the following: 
 X-ray imaging systems together with simulated patient positioning (student and 
actor); 
 Use of anthropomorphic phantoms to develop student patient positioning and 
communication skills; and 
 Anthropomorphic phantom and de-identified patient images to develop image 
evaluation skills.  
The use of the above approaches is important since radiography involves the use of 
radiation which has harmful effects and therefore simulation helps to avoid the 
exposure of patients to these harmful effects. In addition, Qpercom (2017:9) argues 
that simulation allows students to practise in a risk-free environment while facilitating 
the shift to outcomes-based education since it allows reliable assessment, minimal 
variability and demonstration of competence. This is in line with Shanahan (2016:221), 
who highlights that with the use of simulation: 
 Students can repeat activities until satisfied with the results;  
 Students can quickly see images and understand if changes needed to be 
made; and 
 Purposeful implementation develops student technical and cognitive skills. 
Lateef (2010:350) identifies benefits for the use of simulation as an LTA tool:  
 The ability to provide feedback; 
 Repetitive practice; 
 Curriculum integration; and 
 The ability to range the difficulty levels. 
The benefits of simulated learning identified by Lateef, Shanahan and Qpercom 
support the notion of implicit skills reinforcement suggested by Chen et al. (2017:1429) 
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and Malathi et al. (2016:111). However, there is a need for a paradigm shift to an 
instructional systems approach with regard to the measurement of the effectiveness 
of simulation. Simulation provides a student-directed model of teaching and it has 
been shown to consistently yield good results both in improving knowledge and 
increasing engagement (Jones et al., 2015:58). Traditionally, the effectiveness of 
simulation is measured against a gold standard, which could be any proven teaching 
method prior to the use of simulation. The paradigm shift should allow the 
effectiveness of simulation to be based on its ability to meet identified student and 
organisational needs, as part of an instructional system. This argument fits in well with 
the epistemology and ontology of the DSR methodology used in the current study, as 
the development of the artefact did not necessarily have to be measured against the 
gold standard, but needed to meet the specified requirements. In addition, the design 
of the artefact had to embrace the above features while ensuring that the educational 
benefits indicated above are achieved.  
 
2.3.2 Virtual teaching tools 
Virtual radiography teaching tools are a form of simulated learning and allow students 
to practise certain skills in a safe environment (Shanahan, 2016:217). Over the last 
few years, various virtual radiography teaching tools have been developed to focus on 
teaching the practice skills in diagnostic radiography. Examples of these include:  
 Shaderware provides radiography training using 3D interactive simulation that 
allows cost-effective simulation training for radiographic equipment handling, 
receptor placement, collimation, side marker placement, exposure factor 
selection, control of scatter and image quality assessment  
(http://www.shaderware.com/). 
 Virtual Medical Coaching is a virtual system for learning radiographic positions 
and principles. It allows the user to perform radiographic examinations as in the 
real world, critique the resulting images and get instant metric feedback in a 
way that is impossible in conventional education. The simulator allows for 
unlimited training in the immersive, safe environment. It also has adaptive e-
coaching modules which move e-learning from linear training to a more 
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sophisticated program able to adapt to students’ needs 
(http://www.virtualmedicalcoaching.com/).  
 The Virtual Radiographer focuses on providing a virtual guide to radiographic 
positioning. It utilises enclosed positions, along with a basic knowledge of 
anatomy and physiology, which guides the user to produce quality diagnostic 
images. It also contains a detailed glossary of medical terms 
(http://www.virtualradiographer.com/).  
 Ziltron is a cloud-based software package that uniquely enables students to 
observe images and decide for themselves the correct criteria for the 
positioning, collimation and centring points for optimum radiographic technique 
without exposing patients to radiation. The Ziltron software package allows 
students to evaluate the images with regard to assessing the image quality and 
the normal and abnormal pathology seen on the images 
(https://www.ziltron.com/).  
The above are a few examples that affirm that the paradigm for radiography education 
has shifted to include the use of computer-based teaching inclusive of virtual teaching 
tools.  
 
2.3.3 Suitability of the use of technology 
The paradigm shift in radiography education requires suitable platforms created for 
the use of technology for LTA. It is also important for the institution or environment 
within which the teaching platform is located to fully embrace the use of technology. 
Qpercom (2017:27) mentions the learning styles and the educational environment as 
among the important factors to take into consideration during the mapping of the 
curriculum. This is also true when considering the use of technology for LTA and must 
be coupled with an improved digital literacy by both academic staff and students. 
Universities South Africa (2015:16) suggests that digital literacy needs to be thought 
of as more than computer literacy, as the concept encompasses a range of practices, 
including computer literacy, information literacy, media literacy, communication 
literacy, visual literacy and technology literacy. Universities South Africa (2015:16) 
asserts that the focus needs to be on successful learning practices. It is thus critical to 
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ensure that the institutional and educational environment, including the literacy of the 
staff and students, is taken into consideration for the use of TELTA to be successful. 
In the current study, the institutional environment was critical as the artefact depended 
on being used within the institutional structure; this required the provision and 
availability of the correct licensing of the software database. The database on which 
the designed artefact operates uses Microsoft SQL, which needs institutional support 
and licensing. In considering the institutional environment as the critical aspect of the 
success of TELTA, one cannot be blind to the pedagogy that supports the use of 
TELTA. 
 
2.4 PEDAGOGY FOR THE USE OF COMPUTER-BASED TEACHING 
Researchers agree that the traditional lecturer-directed or lecture-based approach to 
instruction has limitations in reaching today’s students (Shelly et al., 2004:6.46). This 
necessitates the use of blended learning approaches. Blended learning is an 
educational practice that combines online learning and the traditional lecturer-directed 
approach (Odden, 2012:130). Vaughan et al. (2013:1) define blended learning as the 
organic integration of thoughtfully selected and complementary face-to-face and 
online approaches and technologies.   
Over the last few years, there has therefore been increasing interest in the use of 
TELTA in medical/health education as a consequence of blended learning approaches 
(Ruiz et al., 2006). Confucius once said “I hear I forget. I see and I remember. I do 
and I understand” (Shelly et al. 2001:6.46). The use of TELTA creates one of the 
most effective platforms for students to be able to do, thus enhancing their 
understanding as they are involved in the task at hand. TELTA creates a platform for 
learning by doing. 
Shelly et al. (2004:1.11) highlight the following as some of the reasons for technology 
to be considered a powerful and useful tool for teaching purposes:  
 Speed allows computers to process billions of operations in a single second. 
 Reliability allows consistent results to be obtained while providing the capacity 
for backup of data. 
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 Accuracy allows computers to produce accurate results unless there is a 
human input error. Such errors lead to the GIGO principle – garbage in, 
garbage out. 
 Storage allows computers to store information for retrieval as and when 
needed, therefore providing a very reliable record of information. 
 Communication allows computers to enhance communication at various 
levels. 
Technology allows the effective use of virtual teaching tools. Qpercom (2017:43), in 
addition to the above, argues that technology allows for digital scoring during 
assessments and thus provides the following rewards: 
 Virtual hosting of the assessment eliminates the paper trail and the risk of the 
assessment getting into the wrong hands. 
 It ensures that the assessment is secure, adheres to data protection policies 
and is easily retrievable. 
 It allows automated marking and analysis of results, rendering the tasks not 
person specific.  
 If developed adequately, it allows communication and feedback to students.  
Qpercom (2016:44) also highlights that the use of feedback and communication allows 
the students to benchmark their performance, which facilitates their development of 
critical clinical skills that they can carry to their practice.  
As previously indicated, TELTA evolves as technology evolves and new platforms are 
created. There is evidence that TELTA provides a platform that is attractive to LTA 
stakeholders while delivering high-quality personalised learning (Sandars, 2003). In 
order to create an effective TELTA, one of the important aspects is ensuring that the 
approach to learning is aligned with the use of technology while noting that the 
important considerations are how the content is made available and used to enhance 
learning rather than the production of such content (Broadbent, 2002). In the current 
study, it was important to consider how content was made available through the 
planned use of the campus computer laboratories as a means to ensure that the 
delivery would not depend on the technology platform used by each student.  Chen et 
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al. (2017:1434) have reported that no standardisation of the platform used for the 
delivery of the module can be a limitation. 
 
2.4.1 Principles to be considered in TELTA 
In designing any form of TELTA, there are principles that need to be considered and 
these have been clearly demonstrated by Anderson and McCormick (2005). These 
principles assist in ensuring that the design of TELTA is based on sound pedagogy. 
Anderson and McCormick (2005) suggest ten principles for successful e-learning and 
when these are combined with accurate pedagogy, the chances for success are 
improved.  The principles are as follows: 
 Principle 1: Match to the curriculum - The pedagogy should be matched to and 
aligned with the appropriate curriculum through clear objectives, the relevance of 
content covered, the appropriateness of student activities and the nature of the 
assessment. 
 Principle 2: Inclusion - The pedagogy should support inclusive practices seen in 
terms of different types and ranges of achievement, physical disabilities that can 
be particularly supported by e-learning, different social and ethnic groups and 
gender. 
 Principle 3: Student engagement - The pedagogy should engage and motivate 
students. This engagement should be evident in an ethos of being both educational 
and motivating. 
 Principle 4: Innovative approaches - It should be evident why learning 
technologies are being used, rather than a non-technological approach which 
achieves the same end just as effectively. E-learning should be fit for purpose. 
 Principle 5: Effective learning - This principle can be demonstrated in a variety 
of ways, for example by using a range of different approaches in the learning 
platform that will allow the student to choose one that suits them, or that can be 
personalised to them, or by satisfying a number of the characteristics of good 
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learning (student agency, student autonomy, enabling or encouraging 
collaboration). 
 Principle 6: Formative assessment - The pedagogy should provide formative 
assessments. 
 Principle 7: Summative assessment - The summative assessments must be 
valid and reliable, comprehensible by teachers, students and parents, able to deal 
with a range of achievement levels and free from adverse emotional impact on the 
student. 
 Principle 8: Coherence, consistency and transparency - The pedagogy must 
be internally coherent and consistent in the way the objectives, content, student 
activity and assessment match each other. It must be open and accessible in its 
design. 
 Principle 9: Ease of use - E-learning should be transparent in its ease of use.    
 Principle 10: Cost-effectiveness - Technology solutions need to be justifiable and 
affordable and the costs sustainable. 
The design of the artefact in the current study took these principles into consideration. 
It is important to note that these principles are not exhaustive as there are other 
considerations with the use of technology. Other considerations may include simple 
aspects such as ensuring that the required software package has been installed and 
it functions in the same way across all platforms where the students are accessing it 
(Jacobs, Vakalisa & Gawe, 2011:257; Chen et al., 2017:1434). This is an important 
consideration since the use of TELTA is a form of a participative-teaching approach. 
Jacobs et al. (2011) identify the following benefits of the participative-teaching 
approach where technology/media is used and these benefits can also be realised 
with the use of artefacts: 
 Motivation for students: The use of technology/media increases students’ 
motivation as it provides a visually attractive, interesting and challenging 
platform compared to the routine stand-up lecture. This approach also arouses 
the students’ curiosity and interest. 
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 Student participation: Students can easily get bored during a lesson due to 
non-involvement. The use of technology stimulates active student participation 
in the lesson and this brings about meaningful experiences. 
 Provision for the learning needs of individual students: Students have 
different learning styles and thus the use of technology can contribute towards 
accommodating the different learning styles of students. 
 Contribution to stimulating learning experiences: The use of technology 
assists in overcoming word-only communication by presenting a meaningful 
interpretation of an abstract situation while, in some cases, giving the student  
hands-on experience. 
However, for the above principles proposed by Anderson and McCormick (2005) to be 
effective, while incorporating the participative-teaching concepts, the importance of 
accurately identifying the knowledge to be taught with technology must not be 
overlooked. 
 
2.4.2 Identification of the knowledge to be taught with technology  
The pedagogy to be used with TELTA cannot be considered without taking into 
account the nature of the knowledge to be encompassed using this approach. TPACK 
is a useful framework in this regard, identifying the knowledge educators need to teach 
effectively with technology (Koehler & Mishra, 2009; Mishra & Koehler, 2006; 
Shulman, 1986). The framework highlights the importance of ensuring that the 
knowledge taught is suitable to the technology used. Within the current study, the 
design of the artefact was an important aspect in teaching pattern recognition 
knowledge that students will be engaged with on a similar platform during their clinical 
practice placement. The TPACK framework is a complex interplay of three primary 
forms of knowledge (Koehler & Mishra, 2009; http://www.tpack.org/):  
 Content (CK): This is the teachers’ knowledge about the subject matter that is 
to be taught.  
 Pedagogical (PK): This is the teachers’ deep knowledge about the processes 
and practices or methods of teaching and learning. They encompass, among 
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other things, overall educational purposes, values and aims. This generic form 
of knowledge applies to understanding how students learn, general classroom 
management skills, lesson planning and student assessment. 
 Technological (TK): This is knowledge about certain ways of thinking about 
and working with technology, tools and resources. The TK includes the basic 
understanding of various technological platforms to be able to apply it efficiently 
while possessing the ability to identify when technology can assist or impede 
the achievement of the desired outcomes. 
These types of knowledge are described below in figure 2.4, including the overlaps 
between them.  
 
 
Figure 2.4 The TPACK model (http://www.tpack.org/) (Reproduced by permission of 




The TPACK framework also emphasises the kinds of knowledge that lie at the 
intersection between these three primary forms of knowledge, namely  
(http://www.tpack.org/): 
 Pedagogical Content Knowledge (PCK);  
 Technological Content Knowledge (TCK);  
 Technological Pedagogical Knowledge (TPK); and 
 Technological Pedagogical Content Knowledge (TPACK). 
In reality, these forms of knowledge should not be seen in isolation.  
In order to maximise the effectiveness of technology integration for pedagogy aligned 
with a particular subject matter, the educator needs to develop an understanding of 
and sensitivity to the dynamic, transactional relationship between these components 
of knowledge situated in unique contexts (Mishra & Koehler, 2006). Several factors 
dictate that no single combination of content, technology and pedagogy will apply for 
every teacher, every course, or every view of teaching. These factors include the 
following among others: the educator as an individual, study level, institutional-specific 
factors, demographics and culture. For the use of the artefact, at minimum the 
educator must possess the three primary forms of knowledge CK, PK and TK, 
although the latter requires minimum knowledge, as support can be obtained from 
within the institution or the software package designers.  
In addition to the forms of knowledge that the educator has, it is also important that 
the design of the teaching and assessment be pitched at the correct level. Bloom’s 
taxonomy is one of the useful tools for the design of teaching and assessment levels. 
Jacobs et al. (2011:79) explain that the taxonomy guides the educator on how to state 
the objectives directed at specific cognitive abilities that require development within 
students. Bloom’s taxonomy classifies cognitive objectives that show how thinking 
skills can be classified into six levels. Qpercom (2017:5) adds that there are multiple 
stages of assessment that need to be considered in order to correctly assess clinical 
competence, progressing from cognitive to behavioural understanding, and 
encompassing knowledge, skills and attitudes. In clinical assessments and in 
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environments where implicit reinforcement is important, the assessment of the skills 
and attitudes in addition to knowledge is important. 
Qpercom (2016:5) suggests the consideration of Miller’s prism of clinical competence 
(figure 2.3) which highlights that knowledge, skills and attitudes must be assessed 
together in all four stages of Bloom’s taxonomy. The use of virtual teaching tools 
affords the ability to assess the demonstration of learning and its integration into 
clinical practice.  
Bloom’s taxonomy has been linked to mastery learning. Shelly et al. (2004:6.63) define 
mastery learning as a model for learning in which students continue to gain information 
and knowledge until they have mastered content. This is in line with the notion of 
implicit skills reinforcement as previously highlighted (Chen et al., 2017:1429). 
Critically, Bloom demonstrated that all people can learn, but the key lies in changing 
the instructional methods so that students can master the content (Shelly et al., 
2004:6.63). The use of TELTA can afford high order thinking skills to be engaged if 
the reasons for the use of the technology are clearly defined. 
The Victoria State Government (2015) proposes that there are various reasons for 
which TELTA can be used:   
 Substitution: Technology is used as a direct substitute for what might be done 
already, with no functional change. 
 Augmentation: Technology is a direct substitute, but there is functional 
improvement over what was done without the technology. 
 Modification: Technology allows the task to be significantly redesigned. 
 Redefinition: Technology allows a person to do what was previously not 
possible. 
The design of the artefact in the current study can be considered to be suitable for 
both modification and redefinition as it allows the redesign of the tasks linked to implicit 
skills reinforcement and also enables students to do what was previously impossible. 
However, the consideration of the suitable pedagogical theories is important to ensure 
that the correct reasons for using technology are applied. 
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2.4.3 Consideration of pedagogical theories  
In considering the pedagogy to be used to inform the use of TELTA, educators need 
to realise that students are not passive recipients and they have agency. Student 
agency is defined as the capability of individual human beings to make choices and 
act on these choices in a way that makes a difference in their lives (Gerstein, 2013). 
Gerstein (2013) summarises the high agency and low agency environments as in table 
2.2 below which clearly indicates that the high agency environment results in high 
student engagement. 
Table 2.2 High agency vs low agency environments (Gerstein, 2013) 
High agency Low agency 
Student centered Teacher centered 





Intent participation Assembly line 
In control Programmed  
 
The use of artefacts is one of the examples of effective student engagement which 
affords the educator the opportunity to build a relationship with the students. Jones 
(2008) has shown that student engagement has a significant impact on the following 
three important domains: 
 Behavioural domain – which has to do with students’ habits and skills; 
 Cognitive domain – which has to do with beliefs and values of students; and 
 Emotional domain – which has to do with students’ motivation and feelings. 
In addition to the above, Boyatzis (2002) states that technology has the potential to 
directly enhance emotional intelligence. However, other authors have shown that the 
use of TELTA can have limitations. A systematic review by Childs, Blenkinsopp, Hall 
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and Walton (2005) revealed the following as major barriers to the effective use of 
TELTA: 
 Poorly designed teaching packages; 
 Inadequate technology and lack of skills; 
 Need for a component of face-to-face teaching; and 
 Intensive nature of e-learning with lack of protected time. 
It is therefore important that any form of design for TELTA ensure that the above 
barriers do not impede its successful implementation.  
There are several pedagogic theories that inform the use of technology. However, 
Attwell and Hughes (2010:15) highlight that recent literature on pedagogy for using 
technology advocates a move towards more constructivist approaches. 
 
2.4.4 Constructivism 
Constructivism is an approach that acknowledges that students learn by doing. It is 
basically a theory based on observation and scientific study about how people learn. 
It says that people construct their own understanding and knowledge of the world 
through experiencing things and reflecting on those experiences (EBC, 2004; Shelly 
et al., 2004:6.46). 
The core of constructivism is that students actively construct their own knowledge and 
meaning from their experiences. Several authors also argue that constructivism is not 
a pedagogy but rather a paradigm (Attwell & Hughes, 2010:16; EBC, 2004; Learning-
theories.com, 2016). Attwell and Hughes (2010) put forward eight principles that 
provide the essence of constructivism. These clearly highlight the student’s role in 
knowledge acquisition through puzzlement, experience, reflection and construction. 
These eight principles are as follows: 
 Learning should take place in authentic and real-world environments. 
 Learning should involve social negotiation and mediation. 
 Content and skills should be made relevant to the student. 
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 Content and skills should be understood within the framework of the student’s 
prior knowledge. 
 Students should be assessed formatively, serving to inform future learning 
experiences. 
 Students should be encouraged to become self-regulatory, self-mediated and 
self-aware. 
 Teachers serve primarily as guides and facilitators of learning, not instructors. 
 Teachers should provide for and encourage multiple perspectives and 
representations of content. 
The design of the artefact in the current study aligns well with the above principles. 
For example, since students are now fully exposed to DR in their working 
environments, the use of the artefact is authentic. It therefore allows the students to 
make a good connection with what is taught in the real world.  The artefact can also 
be a useful tool for formative assessment.  
Constructivism has specific classroom approaches which are different from the 
traditional approaches (see table 2.3). These approaches allow students the 
opportunity to construct their own knowledge and meaning in context. The use of 
TELTA, in the case of the current study the artefact, fits perfectly with these  
constructivist classroom approaches except that within the current study there is no 





Table 2.3 Traditional vs constructivist classroom (EBC, 2004) 
Traditional Classroom Constructivist Classroom 
Curriculum begins with the parts of the 
whole. Emphasizes basic skills. 
Curriculum emphasizes big concepts, 
beginning with the whole and expanding to 
include the parts. 
Strict adherence to fixed curriculum is 
highly valued. 
Pursuit of student questions and interests is 
valued. 
Materials are primarily textbooks and 
workbooks. 
Materials include primary sources of 
material and manipulative materials. 
Learning is based on repetition. Learning is interactive, building on what the 
student already knows. 
Teachers disseminate information to 
students; students are recipients of 
knowledge. 
Teachers have a dialogue with students, 
helping students construct their own 
knowledge. 
Teacher's role is directive, rooted in 
authority. 
Teacher's role is interactive, rooted in 
negotiation. 
Assessment is through testing, correct 
answers. 
Assessment includes student works, 
observations, and points of view, as well as 
tests. Process is as important as product. 
Knowledge is seen as inert. Knowledge is seen as dynamic, ever 
changing with our experiences. 
Students work primarily alone. Students work primarily in groups. 
© 2004 Educational Broadcasting Corporation 
Constructivism also supports scaffolding learning. The latter refers to a variety of 
instructional techniques used to move students progressively toward stronger 
understanding and, ultimately, greater independence in the learning process (Shelly 
et al., 2004:6.52). When the scaffolding approach is used, specific features will be in 
place to allow students to internalise the knowledge, leading to mastery of this 
knowledge. Attwell and Hughes (2010:22) identify these features as: 
 “Intentionality: The task has a clear overall purpose driving any separate activity 
that may contribute to the whole. 
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 Appropriateness: Instructional tasks pose problems that can be solved with help 
but which students could not successfully complete on their own. 
 Structure: Modelling and questioning activities are structured around a model 
of appropriate approaches to the task and lead to a natural sequence of thought 
and language. 
 Collaboration: The teacher’s response to student work recasts and expands 
upon the students’ efforts without rejecting what they have accomplished on 
their own. The teacher’s primary role is collaborative rather than evaluative. 
 Internalization: External scaffolding for the activity is gradually withdrawn as the 
patterns are internalized by the students. 
The constructivist paradigm promises to be the most suited to the use of technology 
for teaching. However, a key to the optimal application of learning support for students 
also lies in ensuring that suitable technological platforms are identified and used to 
support the pedagogical approach adopted, as discussed previously. 
 
2.5 CAD AS A TOOL TO AID IN TEACHING PATTERN RECOGNITION 
It is important to differentiate computer-aided detection from computer-aided diagnosis 
(which both can be called CAD – but in this thesis will be differentiated as CAD and 
CADi, respectively). CAD is a tool that is designed with the purpose of decreasing 
observational oversights by the image reviewer. CADi is a tool that has software with 
the ability to analyse and estimate the likelihood that a particular radiographic finding 
represents a particular disease process (Castellino, 2005:17).  
CAD can be used to identify subtle tissue changes. Various CAD systems and 
software packages have been developed to address radiography practice (e.g. pattern 
recognition, image interpretation) and training needs for chest imaging. Most 
developments have focused on the detection of specific pathologies within the 
respiratory system, e.g. malignant lesions and tuberculosis. Also, the developments 
have focused on CAD used mainly by radiologists as an aid to accurate diagnosis. For 
instance, the American Roentgen Ray Society (ARRS) (2009) has reported on a CAD 
system that is designed to identify lung cancer lesions which were previously missed 
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by radiologists. Brice (2011) reports on the work by Xu who revealed that a CAD 
system can significantly boost sensitivity of lung cancer screening. Medimaging 
International (2011) and Riverain Technologies (2012) report on the CAD system (On 
Guard 5.1) developed by Riverain Technologies to improve the detection of hard-to-
find lung cancers and pneumonia. 
There is therefore a constant need to develop software packages or CAD tools that 
are primarily for implicit skills reinforcement in the radiography education context while 
ensuring that these are developed for the specific context. This is important because 
there are more advantages of custom-designed software packages compared to 
purchasing already available software packages. 
 
2.5.1 Advantages of custom-designed software 
Several authors highlight the significant advantages of custom-designed software 
packages. The major advantage of these packages is that they serve as an effective 
tailor-made solution to the needs of that organisation (Wondershare, 2016). Most of 
the advantages are aligned with the epistemology of DSR which is based on the 
concept of ‘knowing through making’. Its ontology considers the alternative world-
states, thus allowing exploration that will derive a tailor-made solution (Vaishnavi & 
Kuechler, 2004).  Srivatsan (2015) highlights the following as the major advantages of 
custom-designed software packages: 
 Tailor made: The development allows the use of the latest technology and to 
satisfy the client’s business requirements or needs. 
 Minimal cost: The costs can vary depending on the product to be developed but 
in the long term, custom-designed software has more value than purchasing a 
ready-made product. The biggest discount is associated with the licence-related 
costs that normally come with ready-made software. 
 Maintenance: With off-the-shelf software, the user is at the mercy of the developer 
with regard to maintenance. 
 Integration: Custom software easily allows integration into other processes and 
can be used to develop further uses.  
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 Support: This is an important aspect as it allows the user to enjoy the benefits of 
an efficient and reliable technical support plan realised due to access to the 
technical team.  
Wondershare (2016) presents similar advantages and highlights them as a 
personalised solution, cost-effectiveness, security, flexibility and compatibility. In the 
context of the current study, the above advantages were realised. However, the major 
additional advantage is that the artefact was designed for academic purposes, which 
allowed the design to accommodate the desired academic outcomes. These outcomes 
are those aligned with the pedagogy that informed the study in terms of the use of 
TELTA, i.e. constructivist theory and others related to it.  
 
2.5.2 Disadvantage of custom-designed software 
The custom-designed artefact has a major disadvantage of time as it may take 
months, if not years, to develop, as was the case in the current study. The actual 
development of the artefact took about 24 months.  
 
2.6 CHEST PATTERN RECOGNITION 
For the purposes of the artefact design for this study, the chest was chosen as the 
region to be used, for the following reasons: 
 It is one of the commonly requested examinations in a radiology department 
because it serves as a good initial examination for a large variety of conditions 
(Eisenberg & Johnson, 2012:268). Major (2006:11) asserts that the majority of 
the radiographs that students will review during their training (in radiology or 
medicine) are chest radiographs. Yet, it is one of the most difficult to interpret 
due to a variety of changes that can manifest in the respiratory system, some 
of which can be so subtle that they are not visible to the untrained human eye 
(Rockall, Hatrick, Armstrong & Wastie, 2013:19).    
 Within the hospital environment, the chest radiograph is usually the first method 
of imaging that is used since its value is not limited to the diagnosis of the chest 
pathologies (respiratory system) only (Eisenberg & Johnson, 2012:268). Chest 
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imaging plays a crucial role in the diagnosis of pathologies related to other 
systems such as the cardiovascular, skeletal and gastrointestinal systems. 
Lisle (2012:57) stresses that plain films are essential in the assessment of 
cardiac failure and its treatment. The plain films can demonstrate cardiac 
position, size, specific cardiac chamber enlargement and changes to the 
pulmonary vascular system plus calcifications (Lisle, 2012:58). However, 
Rockall et al. (2013:19) indicate that chest radiographs are among the most 
difficult to interpret.  
The design of the artefact in the current study could therefore have been for any region 
of the body and it is hoped that the software will in future be amenable to be adapted 
for use in other body regions. 
Several authors present approaches to be used in pattern recognition of chest 
radiographs (Corr, 2001:33; Yaakob, 2007; Rockall et al., 2013:20; Lisle, 2012:23). 
These approaches are generally combined in teaching pattern recognition to 
undergraduate radiography students in most institutions that offer radiography 
training, South Africa included. At this level of the training, the aim is to teach the 
students basic pattern recognition of the chest, i.e. REx. The approach adopted at 
each educational institution differs; however, the learning outcomes are crucial and 
they are normally guided by the different approaches to pattern recognition of the 
chest. In some cases they incorporate elements of image interpretation.  
 
2.6.1 Learning outcomes and assessment criteria 
Table 2.4 is an example of the outcomes from a sister university in Africa (name and 




Table 2.4 Example of learning outcomes from a university in Africa 
Aim   
To impart the students with knowledge and 
skills that can be utilized by the teachers, 
researchers and medical radiology and 
imaging professionals on radiological 
pathology of the chest, GIT and GUT. 
 
Competence (learning objectives) 
After completion of this module students 
shall be able to: 
1. List different types of disease 
investigations. 
2. Describe the Radiological pathologies of 
the chest, GIT and GUT. 
Competence Domain 1: Professional Knowledge 
Broad Competence Statement: The students 
will be able to explain the basis of 
Professional practice at the Radiological 
pathologies of the chest, GIT and GUT.  
Competencies (learning objectives) 
After completion of this module students shall be 
able to: 
1. List different types of investigations of 
diseases. 
2. Describe the radiological pathology of the 
chest, GIT and GUT. 
Competence Domain 2:  Clinical skills  
Broad Competence statement: Students will be 
able appropriately to apply the knowledge of 
Radiological pathology of the chest, GIT and 
GUT in diagnostic work.  Demonstrate the 
pleasant attitude when with the patient with 
any kind of pathology. 
Competencies (learning objectives) 
1. Use the knowledge of Radiological pathology 
of the chest, GIT and GUT in Radiography 
work. 
2. Identify different conditions and their 
investigation methods. 
3. Identify different diseases pattern of the 
Chest, GIT and GUT. 
 
Table 2.5 is an example of the learning outcomes and the associated assessment 
criteria extracted from learning guides in an offering from the institution where the 
study was conducted. These are outcomes extracted from the three-year diploma 
programme. The institution has since implemented the four-year degree programme 




Table 2.5 Example of learning outcomes and assessment criteria for chest-related 
radiography (NB: the extract presents those pertaining to pattern recognition only) 
Year Learning Outcomes Assessment Criteria 
1  Identify and explain the anatomy and 
physiology of the chest. 
 Evaluate chest images in terms of 
technical and diagnostic value 
according to given criteria. 
 Distinguish between normal and 
abnormal appearances on chest images 
on an elementary level. 
 
 Knowledge and understanding of anatomy 
and physiology is demonstrated in theoretical 
and practical context. 
 An integrated knowledge and comprehension 
of radiographic anatomy, physiology and 
pathology and how it inter-relates to produce 
specific normal/abnormal radiographic 
appearances/patterns is illustrated 
adequately in a theoretical and practical 
context. 
2  Identify and explain the anatomy and 
physiology of the chest area. 
 Assess and evaluate chest images in 
terms of technical and diagnostic value 
according to given criteria. 
 Analyse images and distinguish 
between normal and abnormal 
appearances. 
 Describe the more common pathologic 
conditions affecting the chest and 
respiratory system and their 
radiographic appearances. 
 Knowledge and understanding of anatomy 
and physiology is demonstrated in theoretical 
and practical context. 
 Knowledge and understanding of the 
applicable image evaluation criteria is 
illustrated adequately in a theoretical and 
practical context. 
 Radiographic image evaluation is performed 
accurately and images with optimal and 
suboptimal diagnostic value are identified 
correctly in an OSCE. 
 Corrective measures, to improve the quality 
of sub-optimal images are suggested in a 
logical fashion. 
 An integrated knowledge and comprehension 
of radiographic anatomy, physiology and 
pathology and how it inter-relates to produce 
specific normal/abnormal radiographic 
appearances/patterns is illustrated 
adequately in a theoretical and practical 
context. 
3  Describe the important considerations to 
be made in the imaging of this system. 
 Explain the changes in technical factors 
required for obtaining optimal-quality 
radiographs in patients with various 
underlying pathologic conditions. 
 
 The anatomy and physiology for the 
respiratory system can be accurately 
described. 
 The clinical history is understood in order to 
recognize and know the significance of 
radiological signs. 
 Case study radiographs can be labelled 
correctly anatomically. 
 Correct terminology is used to differentiate 
between normal and abnormal radiographic 
appearances for specialized procedures. 
 Radiographs can be critically evaluated by 




The above outcomes clearly demonstrate that the purpose of teaching at this level is 
to equip students with basic pattern recognition skills without making them advanced 
practitioners. Teaching pattern recognition can incorporate technology-based 
approaches. 
 
2.6.2 Approaches to pattern recognition  
Chest pattern recognition is challenging because there are several variables in the 
form of organs, technique, positioning, etc. that have to be considered. It can be taught 
with progressive levels of difficulty, starting with the very basic to verify the technical 
quality of the film. This is a critical skill for radiographers as they need to be able to 
decide if the film is acceptable to be processed and is therefore of a standard which 
can be used for the diagnosis of the pathology. In addition, the radiographer is the first 
health care professional to view each diagnostic image, after acquiring the image with 
a focus on the patient (Woznitza, 2014).    
Yaakob (2007) asserts that it is important to first check the adequacy of the technical 
details of the film, as incorrectly obtained chest X-rays can easily lead to misdiagnosis. 
Lisle (2012:25) presents the evaluation of a chest radiograph in two important steps: 
a) technical assessment of the film, and b) diagnostic assessment of the film. The first 
of these two steps is the most important for radiographers and it is similar to the first 
step proposed by Yaakob (2007). Yaakob further proposes a helpful mnemonic that 
can be useful as the first step in evaluating the quality of the film. The mnemonic is 
‘RIPE’ which can be broken down as follows: 
R - rotation; 
I - the degree of inspiration;  
P - the position of the patient; and  
E - the exposure of the film.    
Herring (2016:8) is in agreement with Yaakob and highlights five important 
considerations when evaluating the technical quality of a radiograph: penetration, 




Table 2.6 What defines a technically adequate chest radiograph (Herring, 2016:8) 
Factor What you should see 
Penetration Should be able to see the spine through the heart. 
Inspiration  Should see at least eight to nine posterior ribs. 
Rotation Spinous process should fall equidistant between the medial 
ends of the clavicles. 
Magnification Anteroposterior films (mostly portable chest X-rays) magnify 
the heart slightly. 
Angulation Clavicle normally has an S shape, and medial end 
superimposes onto the 3rd or 4th rib. 
   
Figure 2.5 displays an example of checking the patient rotation. This is achieved by 
measuring the distance of the medial ends of the clavicles in relation to the spinous 
processes (midline). 
 
Figure 2.5 Checking the rotation of the patient (Ho, 2005) 
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Corr (2001:33) proposes a step-by-step approach in evaluating a chest radiograph in 
which he stresses the importance of a systematic approach. He also points out that it 
is important to start peripherally and read towards the centre of the chest as follows): 
 Soft tissues: Compare both sides. In females check that both breast shadows are 
present. Look for focal soft tissue calcification and subcutaneous gas. 
 Skeleton: Count all ribs. Check for focal lesions such as metastases (lytic or 
sclerotic) and fractures. Check clavicles, shoulders, cervical and thoracic spines. 
 Lungs: Compare both sides. Divide the lungs into three zones: upper, middle and 
lower and compare both sides. 
 Diaphragm: The right hemi-diaphragm is 2 cm superior to the left. Compare the 
shape and position. Look for free air beneath the diaphragm. 
 Hilar regions: The left is 2 cm superior to the right. Check position, contour and 
density. 
 Mediastinum: Check the position with two-thirds of the transverse diameter of the 
heart to the left of the spine and one-third to the right. In the superior mediastinum 
the trachea should be central anterior to the thoracic spine. 
 Heart: Check size (normally less than 50% of the cardiothoracic ratio), position and 
contour. 
 Pleura: Normally invisible. Check costophrenic angles for pleural fluid and 
pneumothorax. 
Rockall et al. (2013:20) also present a structured approach in evaluating chest 
radiographs and suggest the following:  
 Assess the technical quality of the film. 
 Trace the diaphragm.  
 Check the size and shape of the heart. 
 Check the position of the heart and the mediastinum. 
 Look at the mediastinum and examine the hilar shadows.  
 Examine the lungs and check the integrity of the ribs. 
 Examine the clavicles, spine and the soft tissues.  
The design of the artefact aimed to incorporate some of the aspects described above. 





The critical literature that informed the study was reviewed in this chapter. The current 
trends in the changing radiography education environment, with the move to the use 
of TELTA, were highlighted. The pedagogical theories that support the use of TELTA 
were also emphasised. The artefact was revealed as a tool to aid in pattern 
recognition, and the advantages and disadvantages of custom-designed software 
packages were identified. A brief discussion followed of pattern recognition of the 
chest, a body region which was chosen for the purposes of this study in designing the 








In this chapter the detailed aspects of the study design, research setting, description 
of the methodology and the paradigm used, ethical considerations and validity as well 
as reliability are outlined. The chapter begins with the problem statement that led to 
the research aim and objectives that the study sought to achieve. Figure 3.1 is the 
summary for this chapter presentation framework.  
 
 



































3.2 PROBLEM STATEMENT 
TELTA is gaining momentum in health care education. Worldwide there has been a 
shift in radiography education to align educational paradigms with technological 
developments that enhance the development of implicit skills. Radiography LTA 
literature has embraced this teaching paradigm shift and supports the use of TELTA. 
One of the major shifts in the approach to teaching and learning has been in the use 
of technology with increased interest in and use of TELTA. The developments in 
radiography education have therefore resulted in the extensive use of various 
technology-based approaches for both authentic and simulated learning. 
There is, however, a gap in current practice in the availability of custom-designed 
software packages/artefacts for implicit skills reinforcement in undergraduate training 
in radiography as an essential drive of the success of competency-based education, 
especially within the South African context. Such a tool would provide valuable 
assistance in developing students’ ability to recognise patterns in radiographs and 
would provide them with a platform from which pattern recognition skills could be 
developed. Furthermore, such a tool (henceforth referred to as an artefact) would 
make a significant contribution to the TLA of radiographers and would assist in 
enhancing the mastery of pattern recognition skills, leading to better practice.  
 
3.4 RESEARCH QUESTIONS 
In order to enhance radiography education in the South African context, the following 
questions were derived from the above background and problem statement: 
 Can the use of a custom-designed artefact enhance implicit skills of students in 
a radiography training programme in terms of pattern recognition skills? 
 If such an artefact is designed, can it provide feedback to students and enhance 
authentic and independent learning by students while still allowing the students 
to pace their learning? 





3.4 RESEARCH AIM AND OBJECTIVES      
3.4.1 Aim of the study  
The aim of this exploratory DSR study was to design, implement and test an artefact 
for training student radiographers in chest pattern recognition. In the context of this 
study, the artefact was developed with the intent to: 
 Be based on sound pedagogical principles that support the use of TELTA; 
 Be an authentic tool that students can associate with their DR equipment used 
in the clinical environment; 
 Be used to provide feedback to students while enhancing training; 
 Allow for student-paced training while providing for repetitive stimulus to 
enhance implicit skills; and 
 Be an artefact that students can use without needing a full-time instructor to be 
present and yet remain user-friendly. 
        
3.4.2 Objectives of the study 
In the light of the above aim and the associated intents, the following objectives guided 
the study: 
 
3.4.2.1 The first objective  
To design an artefact for plain radiography chest imaging using the current pattern 
recognition guidelines. 
 
3.4.2.2 The second objective 
To evaluate the artefact in terms of its usefulness as an authentic tool that enhances 
implicit skills.  
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3.4.2.3 The third objective  
To evaluate the artefact in terms of its ability to provide feedback to students and allow 
communication with the instructor.  
    
3.4.2.4 The fourth objective 
To explore the students’ experiences of using the artefact. 
  
3.5   RESEARCH HYPOTHESES 
There are different approaches to the inclusion of hypotheses in the DSR paradigm. 
Offermann et al. (2009) state that once a suitable problem is identified, a pre-
evaluation of the relevance has to be conducted. The pre-evaluation includes the 
creation of a general hypothesis in the form of a utility theory. Offermann et al. (2009) 
make a case that the hypothesis allows the researcher to form a link between the 
solution space and the problem space. Contrary to Offermann et al. (2009), Vaishnavi 
and Kuechler (2004) maintain that in DSR it is rare that the initial hypothesis 
concerning behaviour is completely borne out. They explain that the evaluation phase 
results and any additional information gained in the construction and implementation 
of the artefact are combined and fed back to another round of suggestion and 
implementation testing. The explanatory hypotheses are thus not discarded but rather 
modified to be in accord with the new observations. Offermann et al. (2009) are in 
agreement with this as their view is that in the DSR paradigm the hypotheses are 
continuously adjusted during the research process so that they represent the result of 
the entire research and design implementation process.  
The current study therefore followed the notion that the hypothesis can be created 
once a problem is identified, but also considered that the hypothesis continuously 
changes as the study progresses. The study therefore had the following hypotheses: 
 Hypothesis 1: A custom-designed artefact can be designed for teaching pattern 
recognition skills in an undergraduate radiography programme. 
61 
 
 Hypothesis 2: A custom-designed artefact will enhance the pattern recognition 
skills (implicit skills) of students in an undergraduate radiography training 
programme. 
 Hypothesis 3: The artefact will allow timeous feedback and communication 
between the students and the instructor. 
 Hypothesis 4: Students will have a positive experience of the use of an artefact 
while achieving better performance and experiencing lower stress levels. 
 
3.6 DESIGN SCIENCE RESEARCH: PARADIGM AND APPROACH 
The DSR paradigm can be viewed in terms of both the research approach and the 
research paradigm. The research paradigm can simply be considered as the 
worldview in which the research is based. Creswell and Clark (2007:21) argue that the 
paradigm or worldview is a foundation for the research enquiry since the researcher 
brings the implicit worldview into the study. Weber (2012) is of the view that DSR must 
be considered in terms of both research paradigm and approach. He defines research 
paradigm as a broader framework that defines the social and philosophical world 
behind a phenomenon, whereas a research approach is a concrete procedure to 
conduct research and analyse the phenomenon. Prat et al. (2014) are of the view that 
DSR supports a pragmatic research paradigm since it promotes the creation of 
artefacts to solve real-life problems. Weber (2012) further presents six characteristics 




Table 3.1 Six characteristics of DSR as a paradigm and an approach (adapted from 
Weber, 2012) 
 DSR as an approach DSR as a paradigm 
1 Has its roots in the engineering discipline 
and aims to define a problem solution. 
Is both a process of developing new 
solutions to existing problems and 
matching existing solutions to new 
problems. 
2 The underlying kernel theories of a DSR 
approach are influenced by and influence 
the requirements of the IT artefact and 
therewith the problem solution. 
DSR reflects to IS design theory 
components and thereby forms a 
conceptual framework for the organised 
study of the world. 
3 The relevant end products of a DSR 
approach are IT artefacts. They are either 
constructs, methods, models, 
instantiations, or a combination thereof. 
They thus provide real-world outcomes 
and not an overall description of the world. 
The design process of DSR is divided into 
the building and evaluation of the IT 
artefact. A feedback loop ensures the 
refinement of the design process. 
Moreover, the IT artefact is not naturally 
occurring and is  always embedded in 
some place, time and community. 
4 The evaluation part of the DSR approach 
is finished when the IT artefact satisfies the 
requirements of the involved stakeholders 
and solves the relevant real-world 
problem. 
The evaluation part can be conducted in a 
technical, interpretative, or positivistic 
manner and thus combines the 
advantages of different paradigms. 
5 DSR is one way to develop and implement 
IT artefacts as well as make a theoretical 
contribution. Other research approaches 
can lead to similar goals. 
DSR depicts a further paradigm that exists 
in harmony with the others. In this 
developmentalist paradigm, a high level of 
responsibility lies on the construction and 
evaluation of technology. 
6 The DSR approach provides the basis for 
theorising the IT artefact and thereby to 
generalise the context-specific solution 
and to contribute to the existing knowledge 
base. 
Research is represented by its objectives 
and methods, whereby the objectives 
require a multi-methodological approach 
to integrate theory building and system 
development. 
 
The DSR paradigm thus has implicit philosophical assumptions which were applied in 
this study. These philosophical assumptions tend to have an alternate view when 
compared to other types of research design. For example, the positivist and 
interpretivist research paradigms generally predict or explain the 
status quo (Weber, 2012). It is important to also note that in DSR, as the research 
project progresses, both the ontological and the epistemological viewpoints shift 
(Vaishnavi & Kuechler, 2004). It was critical within the current study to ensure that the 




Ontology considers what is real and what is not, what is fundamental and what is 
derivative, i.e. the nature of reality (Creswell & Clark, 2007:24; Vaishnavi & Kuechler, 
2004). Ontologically the DSR has multiple, contextually situated alternative world-
states (Vaishnavi & Kuechler, 2004). It thus considers the alternative world-states and 
is a good platform for collaborative research. The current study had multiple contexts 
which included the educational aspects, software design, image analysis and 
radiography education. It was therefore an ideal platform for collaborative research. In 
this case the MIRS Department (FEBE) and MES Department (FHS) collaborated on 
the project, thus bringing different expertise into the project. 
 
3.6.2   Epistemology 
Epistemology refers to what knowledge depends on and how we can be certain of 
what we know (Vaishnavi & Kuechler, 2004). Creswell and Clark (2007:24) state that 
epistemology has to do with the relationship between the researcher and that being 
researched. These two worldviews have some level of antipathy; however, both have 
an influence on what the researcher already knows.  
In the DSR context, epistemology is knowing through making, implying objectively 
constrained construction within a context in which iterative circumscription reveals 
meaning (Vaishnavi & Kuechler, 2004). The DSR paradigm is therefore pragmatic 
since it is concerned more with practical results than with theories and principles. The 
results are based on the concept of ‘knowing through making’. However, the 
knowledge possessed by the researcher is still crucial in the ‘making’. In the current 
study, the knowledge of the researcher in terms of the radiography educational 
approaches and the technological developments plus the use of TELTA in higher 
education was critical in informing the design approach. This foundational knowledge 






3.6.3   Methodology 
Methodology refers to the actual process of research. Creswell and Clark (2007:4; 24) 
view methodology as the philosophical framework and the fundamental assumptions 
of research and thus define methodology as the framework that relates to the entire 
process of research. In the context of this study, the DSR approach was adopted in 
the research process (methodology). 
 
3.6.4   Axiology 
The axiological assumption refers to the value of the study (Vaishnavi & Kuechler, 
2004). With this paradigm it is important to value creative manipulation and control of 
the environment in addition to more traditional research values such as the pursuit of 
truth or understanding (Hevner & March, 2003). As such the DSR paradigm allows a 
far higher tolerance for ambiguity than is generally acceptable in other research 
paradigms, e.g. in the positivist research stance.  For example, the intention with the 
initial design of the software package was to have at least four tutorials, but the 
ultimate design yielded only two. Within the context of the DSR paradigm, this is 
acceptable due to the tolerance levels that are far higher. 
 
3.7  RESEARCH SETTING  
The study was conducted at the University of Johannesburg (UJ) as a collaborative 
project between the MIRS Department (FHS) and MES Department (FEBE). The MES 
was instrumental in the actual software package development of the artefact. The 
MIRS (location of primary researcher) was instrumental in: 
 Compiling the guidelines that informed the artefact development;  
 Ensuring the adequacy of the artefact; and  
 Evaluating the artefact; 
 Compiling the thesis; 
 Communicating the results on the relevant platforms; and 
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 Defining the future plans for the project. 
The actual development of the software package was done by a Bachelor of Honours 
student in the electronic engineering field, supervised by the co-supervisor of this 
study. The evaluation of the artefact was done at the MIRS Department. 
Prior to the drafting of the research proposal, which was done in 2013, the researcher 
attended the Image Programming Challenge Course that was run by the MES in 
December 2012. The primary purpose of attending this course was for the researcher 
to gain insight into the available software applications that could be used in the design 
of the artefacts. Attendance of the course also gave the researcher deeper insight into 
the possibilities of image analysis software.  
 
3.8 RESEARCH DESIGN 
This study used an exploratory DSR design to achieve the research objectives. This 
methodology is generally used in information systems. By its nature, the DSR has both 
quantitative and qualitative elements of research and thus could be classified as a 
form of mixed methods research. The exploratory approach was chosen for this study 
because it allowed one type of data to be collected at a time while creating the 
opportunity to design an instrument that can be measured. Creswell and Clark 
(2007:78) highlight the following as the advantages of an exploratory design: 
 Because the study design is in separate phases, it makes the design 
straightforward to describe, implement and report. 
 The design is easily applied to multiphase studies. 
 The design affords the research to be acceptable to both qualitative and 
quantitative audiences. 
The major advantage of the DSR paradigm highlighted by Weber (2012) is that the 
evaluation part can be conducted in a technical, interpretative, or positivistic manner 
and thereby combines the advantages of different paradigms, as was the case in the 
current study. It was interpretive because the initial phase of the study involved 
qualitative research in the form of a focus group that contributed towards the software 
requirements specification (SRS) document (see below for further details on this 
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document). It was technical as it dealt with the development of an artefact and the 
evaluation of its adequacy and usability. Lastly, it was positivistic because the 
evaluation of the artefact also employed quantitative data. 
The DSR design can be summed up as shown in figure 3.2.   
 
Figure 3.2  General methodology of DSR (Vaishnavi & Kuechler, 2004) 
Each of the phases listed above (in the process stream) are critical for the DSR design 
research process and these phases can be described as follows, according to 
Vaishnavi and Kuechler (2004).   
 
3.8.1 Awareness of problem 
This is the identification of an interesting problem which can be from any source. 
Generally the output of this phase is a research proposal. The writing up of the 
proposal was an important step as it had to clearly formulate the problem statement 
























This phase follows immediately after the proposal and is intimately connected with it. 
Suggestion is an essentially creative step in which new functionality is envisioned 
based on a novel configuration of either existing, or new and existing elements. The 
output of this phase is generally the tentative design of the artefact or at least 
specifications to be used in guiding the development of the artefact. 
 
3.8.3 Development 
This phase entails the actual development of the CAD tool; in other words, the tentative 
design is implemented in this phase. The output of this phase is the actual artefact.   
 
3.8.4 Evaluation 
Once constructed, the artefact is evaluated according to set implicit criteria. Deviations 
from expectations, both quantitative and qualitative, are carefully noted and must be 
tentatively explained. This phase is basically an analysis of the adequacy of the design 
of the artefact in which hypotheses are made about the behaviour of the artefact. This 
phase exposes an epistemic fluidity that is in stark contrast to a strict interpretation of 
the positivist stance. Rarely in DSR paradigms are initial hypotheses concerning 
behaviour completely borne out. Instead, the evaluation phase results and additional 
information gained in the construction and running of the artefact are brought together 
and fed back to another round of suggestion (refer to the circumscription arrows of 
figure 3.2). In a nutshell, the output for this phase is the performance measures of the 
artefact. 
 
3.8.5 Conclusion  
This phase is the finale of a specific research effort. It is during this phase that results 
are pronounced to be good enough. The results are written up and the write-up 
includes the knowledge gained during the design process. Such knowledge can be 
categorised as either “firm” or “loose ends”. 
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 “Firm” - facts that have been learned and can be applied repeatedly or 
behaviour that can be invoked repeatedly. 
 “Loose ends” – anomalous behaviour that defies explanation and may well 
serve as the subject of further research.  
According to Gilliland (2014), the DSR process also has cognitive steps which are an 
important component of the research process. These cognitive processes are 
reflected in figure 3.3 in terms of where they fit in within the research process:  
 
Figure 3.3 Cognition in the DSR Cycle (Gilliland, 2014:97) 
The cognitive processes can be summed up as follows: 
 Abductive reasoning is a form of logical inference which starts with an 
observation and then seeks to find the simplest and most likely explanation. 
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Within DSR it occurs during the suggestion phase. The solutions to identified 
problems are abducted from existing knowledge and/or theory of the problem 
domain (Gilliland, 2014:96). 
 Deductive reasoning refers to drawing conclusions from premises that 
necessarily follow from such premises (Butte College, 2016). It is thus 
concerned with developing a hypothesis based on existing theory, and then 
designing a research strategy to test the hypothesis. In the DSR context, 
deduction refers to the “understanding that could be gained from the specific 
act of construction” and evaluation of artefacts (Gilliland, 2014:96). During the 
development and evaluation phases, existing knowledge and suggestions are 
used in a circumscription process in an attempt to solve a problem.  
 According to Gregor, Müller and Seidel (2013:1), abstraction refers to the 
process of deriving abstract concepts (e.g. generic features) from observed 
instances (e.g. instances of a class of artefacts). Reflection refers to 
contemplating about, and learning from, experiences in the past. Together, 
these mental activities offer the potential to generate generic knowledge out of 
design practice (Gregor et al., 2013:1). Thus in a conclusive phase of the DSR 
study, reflection and abstraction are used to make a knowledge contribution of 
new or updated design and operational principles and theories (Gilliland, 
2014:96). 
The cognitive processes are therefore a critical part of the research process, especially 
within the DSR paradigm as they are part and parcel of design theory. In the current 
study, the cognitive processes were considered critical and will be discussed in detail 
in chapter 6.  
The operationalisation of the phases introduced above are discussed in detail below.  
 
3.9 RESEARCH METHODOLOGY 
The research process described in detail below was followed in order to achieve the 




3.9.1  Awareness of the problem 
For the current study, the awareness of the problem is captured in the problem 
statement above. The essence of the problem statement is the fact that limited 
artefacts have been developed for implicit skills reinforcement in undergraduate 
training in radiography as an essential driver of the success of competency-based 
education, especially within the South African context.  
The researcher therefore hypothesised that suitable software could be developed to 
be used for LTA for undergraduate radiography training. The intention was to design 
an artefact aligned with current educational and technology developments.  
 
3.9.2  Suggestion 
The suggestion phase was critical in the accurate, user-friendly and meaningful design 
of the artefact. The suggestion phase is a creative phase in which new functionality 
was envisioned based on a novel configuration of new and existing elements. For the 
purpose of this study, the design of an artefact was envisioned for use in training 
student radiographers in chest pattern recognition. The focus was on the design of the 
artefact and not on the anatomical region, since the artefact can be adapted for any 
anatomical region. 
The approach that was employed during the suggestion phase was as suggested by 
Nel (2013) and essentially had four important components as summed up in figure 
3.4. 
 
















3.9.2.1 Target formulation (TF)  
TF comprises the needs analysis which indicates what the tool must be capable of 
doing. This was achieved in two ways. Firstly, qualitative research was done. 
Qualitative research was chosen for the needs analysis due to its ability to allow 
understanding of aspects with the use of words instead numbers (Bricki & Green,  
2007:2). In addition, qualitative research allows involvement of the researcher with the 
research process  (Corbin & Strauss 2015:4). Qualitative research approach offers 
descriptions of processes, definitions and understandings of perspectives. This 
approach was therefore chosen as the most suitable for the first step in the needs 
analysis as it would allow the participants to describe in words what they consider to 
be the needs of a CAD tool and what should such a tool be capable of. In addition, 
qualitative research is useful where there is a need to explore areas that have not 
been researched (Corbin & Strauss, 2015:5)  In the current study, there was no 
research available that had focused on the needs analysis for a CAD tool design and 
what it needs to be capable of.   
Qualitative research was done whereby practising radiographers who also function as 
clinical tutors of student radiographers were interviewed in a focus group to establish 
what they considered to be the needs for an artefact in chest pattern recognition. The 
focus group consisted of 8 (n = 8) radiographers who were selected from a population 
of 37 (N = 37) clinical tutors. This group of radiographers was chosen since, in addition 
to their practice inclusive of chest radiography, they were also involved in training 
students. The focus group was chosen as a method of data collection because the 
researcher sought to understand the group’s views and experiences in chest pattern 
recognition rather than an individual’s experience. This approach also allowed the 
building of a relationship with or buy-in from stakeholders (McCawley, 2009:14).   
This focus group interview was a qualitative interview within a DSR project and as 
such it is considered to be an art that can be accomplished by following the guidelines 
below (Gilliland, 2014:99): 
 Researcher situation: For validity reasons, the researcher should set his/her 
role and position before the interview. In the current study, the researcher’s role 
was to facilitate the focus group interview. 
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 Minimisation of social dissonance: The researcher should be aware of social 
and cultural barriers, which may include, for example, corporate position of 
participants or dress code. This was an important aspect in the current study 
since the participants already had corporate roles within their places of 
employment. In addition, they knew the researcher as the head of the 
department within which they trained their students at UJ. It was thus important 
that the social barrier did not hinder the effectiveness of the interview. 
 Ensuring good representation: People differ and therefore it is wise to interview 
a variety of people. In the current study this was achieved by ensuring that both 
private and public representatives were included, irrespective of age, race, 
educational status or any other reason. Participation was voluntary. 
 Everyone interprets: Participants also interpret their world and therefore there 
is more than one interpretation of the same interview. This was allowed in the 
current study by getting consensus from all group members on points raised 
during the interview. The participants were thus able to exercise some level of 
interpretation of what was being said. The researcher would repeat what was 
said and allowed affirmation by the participants. 
 Mirroring: This entails focusing on the participant’s world and gathering more 
information than words only through use of communication skills such as 
listening, building on participants’ stories, creative but sensitive prompting, 
encouraging and directing of conversation. During the interview, the researcher 
used the interviewing techniques (including confirmation, probing and 
paraphrasing) in order to gain detailed views/opinions. 
 Flexibility: Semi-structured and unstructured interviews require the researcher 
to explore, listen carefully, improvise and be open to acknowledge differences 
in participants, such as shyness or fatigue. In the current study the interview 
techniques ensured that all participants were given a fair opportunity to 
contribute to the interview. 
 Confidentiality: Get permission from participants, treat everybody with respect, 
keep all information in a safe and secure place, check facts with participants 
again if necessary and keep commitments to participants and organisations. 
This was the requirement to be fulfilled in the current study as per ethical 
clearance granted by the FHS Academic Ethics Committee (AEC) at UJ. 
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During the focus group interview, the clinical tutors were asked two fundamental 
questions:  
(a) What do you consider to be the needs for CAD tools in pattern 
recognition of the chest?  
(b) What should such a tool be capable of in order to be useful in training 
of radiographers?  
Secondly, an extensive literature review was done by the researcher which was 
combined with the responses of the radiographers to form consolidated ‘user input’.  
During this phase the researcher considered the various approaches used in the 
teaching of pattern recognition in chest radiography and consolidated this information 
in the form of guidelines that informed the requirements from the tool. The literature 
review included radiography textbooks and internet searches (using the Google 
search engine) by using the following keywords:  
 Chest pattern recognition 
 Approaches to teaching chest pattern recognition 
 Criteria for chest pattern recognition 
 Chest imaging patterns 
 Chest X-ray reporting 
 How to read a chest X-ray 
 Interpreting chest X-rays 
 Preliminary reading of chest X-rays 
TF yielded the SRS document which served to accomplish the following, as highlighted 
by Le Vie (2010), as the major goals of the SRS document: 
 It provided feedback to the researcher as the client for whom the software would 
be designed. 
 It broke the problem down into manageable parts in an orderly fashion. 
 It provided an important input to the design specification. 
 It served as a product validation check. 
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 It served as a master document against which the designed artefact would be 
tested and validated. 
Other considerations that were made for the SRS document were similar to those 
highlighted by Japenga (2013) as the basic issues that it should address, according to 
the Institute of Electrical and Electronics Engineers (IEEE). Japenga (2013) lists the 
following as the critical issues that need to be addressed: 
 Functionality: What is the software package supposed to do?  
 External interfaces: How does the software package interact with people, the 
system’s hardware, other hardware and other software?  
 Performance: What is the speed, availability, response time, recovery time of 
various software package functions, etc.?  
 Attributes: What are the portability, correctness, maintainability, security, etc. 
considerations?  
 Design constraints imposed on an implementation: Are there any required 
standards in effect, implementation language, policies for database integrity, 
resource limits, operating environment(s) etc.? 
In addition, Japenga (2013) identifies the following as the fundamental characteristics 
of the SRS document: (a) correct; (b) unambiguous;  (c) complete; (d) consistent; (e) 
ranked for importance and/or stability; (f) verifiable; (g) modifiable; and (h) traceable. 
The SRS document generally has three important sections, namely introduction, 
overall description and the non-functional requirements (Eidgenössische Technische 
Hochschule (ETH) Zürich, 2011) (table 3.2). Each of these sections has subsections 
that need to be addressed in order to provide sufficient guidance for the design of the 
software. This structure of the SRS document was used for the current study, 




Table 3.2 Summary of SRS document (adapted from ETH Zürich, 2011) 




1.3 Communication protocols and interfaces 
2. Overall 
description 
2.1 Product perspectives 
2.2 Product functions 
2.3 User classes and characteristics 
2.4 Operating environment 
2.5 User environment 
2.6 Design 
2.7 Assumptions and dependencies 
3. Non-functional 
requirements 
3.1 Performance requirements 
3.2 Safety requirements 
3.3 Security requirements 
3.4 Software quality attributes 
 
The SRS document was developed using the above structure (table 3.2) as a guide. 
In addition, it provided an ideal design ‘road map’ of the software and its contents for 
the current study, as presented in chapter 4. 
 
3.9.2.2 Concept formulation (CF)  
CF deals with the consideration of multiple options that can be used to achieve the 
development of the tool. The options were considered against the outputs derived in 
the TF phase. CF also established the software platform that was considered as the 
most appropriate for the development of the artefact. Microsoft Visual Studio 2013, 






3.9.2.3 Concept selection (CS)  
CS is a follow-up on CF and seeks to carefully refer the outputs of CF back to the TF 
stage to select the most appropriate option. 
 
3.9.2.4 Product design specifications (PDS)  
PDS seeks to show what the process of the artefact design is aiming to achieve. It 
therefore lists the critical parameters, specifications and requirements for the artefact 
that is designed. This phase did not indicate what the artefact was going to be like, but 
rather what it was expected to be able to do. These specifications were included in the 
SRS document, which was an output of the TF. 
The initial output from the TF suggested four tutorials to be designed as follows: 
 Tutorial 1:  Pre-reading of the image to assess whether it is acceptable or not 
to be used for diagnostic purposes. 
 Tutorial 2:  Designed for the evaluation of the quality of the image in line with 
the RIPE mnemonic (Yaakob, 2007). 
 Tutorial 3: Designed for the systematic review of the image as suggested by 
Rockall et al. (2013:20) and Corr (2001:33).  
 Tutorial 4: Designed to be a step-by-step approach to summarise some of the 
findings of tutorials 1 – 3 (Corr, 2001:33). 
However, the actual design of the artefact did not include tutorials 3 and 4, which will 
be followed up for design after completion of the study. For full details of what each 
tutorial covered, refer to chapter 4.  
 
3.9.3   Development 
This phase entailed the actual development of the artefact. This was the primary task 
of the project team from the Mechanical Engineering Department, which specialises 
in image analysis software design and programming. The artefact was developed 
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using Microsoft Visual Studio 2013, which operates on the SQL server expressly for 
database management.  The current guidelines for chest pattern recognition were 
used to steer the design of the artefact in terms of what it should be capable of doing.  
SQL is a standardised programming language used for managing relational databases 
and performing various operations on the data in them. SQL is regularly used by 
database administrators, as well as by developers writing data integration scripts and 
data analysts looking to set up and run analytical queries (Rouse, 2016). Rouse (2016) 
also asserts that the uses of Microsoft SQL include modifying database table and 
index structures, adding, updating and deleting rows of data and retrieving subsets of 
information from within a database for transaction processing and analytics 
applications. 
SQL is a form of ML and incorporates computational models and algorithms that 
imitate the architecture of the biological neural networks architecture that is structured 
in layers that are composed of interconnected nodes (Pesapane, Codari and 
Sardanelli, 2018). There are three different kinds of layers: the input layer, which 
receives input data; the output layer, which produces the results of data processing; 
and the hidden layer(s), which extracts the patterns within the data (Pesapane, Codari 
and Sardanelli, 2018). During the process of the software development, convolution 
operations are used to obtain feature maps in which the intensities of each pixel/voxel 
are calculated as the sum of each pixel/voxel of the original image and its neighbours, 
weighted by convolution matrices (also called kernels). Different kernels are applied 
for specific tasks, such as blurring, sharpening, or edge detection (Pesapane, Codari 
and Sardanelli, 2018).  
 
3.9.4   Evaluation 
Evaluation of an artefact is one of the most important phases in a DSR project. Cleven 
et al. (2009) provide a useful definition of evaluation as follows: 
Objective and systematic collection of information about a program, project, or 
instructional material for its improvement. (More recently in literature, 
evaluation is being defined as the systematic investigation of the worth or 
merit of an object; e.g. a program, project, or instructional material.) 
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Prat et al. (2014) highlight that since DSR has gained acceptance as a research 
methodology, several authors have presented various frameworks for the evaluation 
of an artefact. For example, Peffers, Tuunanen, Rothenberger and Chatterjee 
(2007:53) propose a model that contains demonstration and evaluation where 
demonstration is considered an activity prior to evaluation. However, most DSR 
publications specifically deal with evaluation and do not include demonstration, and 
this is the approach that was adopted in the current study. For example, Venable, 
Pries-Heje and Baskerville (2016:78) argue that in DSR, evaluation must regard the 
artefact and the design, including the context of the knowledge it contributes to the 
knowledge base. Then again, Prat et al. (2014) refer to works of several authors who 
have dealt specifically with evaluation in DSR and these include the following: 
 Venable, Pries-Heje and Baskerville (2012) characterise evaluation strategies 
along two dimensions: naturalistic versus artificial, and ex ante (which assesses 
an uninstantiated artefact) versus ex post (which assesses an instantiation). 
However, within their framework there is no consideration of the evaluation 
criteria in a systematic way. 
 Sonnenberg and Vom Brocke (2012), while failing to relate evaluation methods 
to criteria, provide a reasonable number of examples of evaluation criteria and 
methods.  
 Cleven et al. (2009) characterise evaluation approaches along 12 dimensions; 
notably, none of these approaches make mention of the evaluation criteria.  
 Järvinen (2007:1392) is of the view that evaluation in DSR exaggerates the 
utility criterion. He asserts that it is important to understand why an artefact 
works or does not work to support new artefacts to be constructed, and if it does 
not work it is still mentioned accordingly and highlights the research 
contribution. He is thus of the view that DSR should not only be about 
getting an artefact that works “perfectly” at the moment it is created, but 
the new opportunities for further research and design are important to 
consider since that is what could have more significance and economic 
value.  
 Aier and Fischer (2011) present criteria for evaluating IS design theories.  
79 
 
 Siau and Rossi (2011) focus on evaluation techniques for IS analysis and 
design methods. 
In addition to the above, the epistemology and ontology of the DSR methodology used 
in the current study, i.e. knowing through making, implied that the development of the 
tool does not necessarily have to be measured against the gold standard but needs to 
meet the specified requirements. 
The current study employed two approaches to evaluate the artefact: quantitative and 
qualitative. 
 
3.9.4.1 Quantitative evaluation 
For the quantitative evaluation, usability testing was used through the application of 
the SUS. Usability.gov (2018) defines usability as the general quality of the 
appropriateness to a purpose of any particular artefact. This is in line with the 
definition by Sandars (2010:6), who defines usability as the ease with which a person 
can use a product in a particular set of circumstances. Sandars (2010:6) also 
highlights that the focus of usability testing is to attempt to systematically identify 
usability problems at an early stage in the development process.  Usability testing thus 
allows rectification of challenges that may exist prior to the wide implementation of the 
artefact.  
For the current study, usability testing was done using the SUS, which is a simple, ten-
item scale giving a global view of subjective assessments of usability (Usability.gov, 
2018). The SUS was used because it has proved to be a valuable evaluation tool 
which demonstrates robustness and reliability and it has been shown to correlate well 
with other subjective measures of usability (Usability.gov, 2018). In addition, the SUS 
has the following benefits (Usability.gov, 2018): 
 It is a very easy scale to administer to participants. 
 It can be used on small sample sizes with reliable results. 
 It is valid – it can effectively differentiate between usable and unusable systems. 
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The SUS is appended as annexure A, along with the demographic data questions and 
a comment section to enhance the meaning of data gathered while allowing the 
participants to make contributions to how the artefact could be improved.  
The participants were given a brief description of how to use the artefact and were 
then allowed to use it. As guided by Usability.gov (2018), the SUS was administered 
prior to debriefing, immediately after the participants had finished using the artefact. 
The participants were encouraged to record their immediate response to each item 
without thinking deeply about each item. Usability.gov (2018) also recommends that if 
a participant cannot respond to a particular item on the SUS, he/should mark the 
centre point of the scale, and this was the case in the current study for some 
participants.    
 
3.9.4.2 Qualitative evaluation 
Prat et al. (2014) propose a hierarchy of criteria to evaluate artefacts in DSR (figure 
3.5), which was adopted for use in the current study. This approach was adopted as it 





Figure 3.5 Hierarchy of criteria for IS artefact evaluation (Prat et al., 2014) 
The above model was used for the qualitative evaluation of the artefact, which is 





3.9.5  Conclusion 
This phase followed data analysis as described below. The results yielded an 
indication of the worth or merit of the artefact.  
 
3.10  SELECTION OF PARTICIPANTS 
Selection of participants was done for the suggestion phase during the TF stage and 
also for the quantitative evaluation of the artefact. During the suggestion phase, the 
selection was for the qualitative phase of the study, to collect data from the focus group 
to establish the needs for an artefact in chest pattern recognition. The MIRS 
Department has a group of radiographers called the Advisory Group. This group 
consists of individuals responsible for student training in their respective 
hospitals/radiology clinical sites. At the time of writing up the thesis, there were more 
than 30 radiology training sites accredited to train with the MIRS Department within 
the diagnostic radiography discipline. The department holds meetings once a term 
(every three months) with the Advisory Group and each meeting is attended by at least 
20 people at any given time.   
The researcher invited the members of this group to participate in the focus group 
immediately after one of the term meetings. Each participant received an information 
letter pertaining to the study (annexure B). Informed consent was sought from 
participants if they agreed to participate in the study (annexures C). This group of 
radiographers was chosen since, in addition to their practice inclusive of chest 
radiography, they were also involved in training students. They were interviewed in the 
form of a focus group to establish what they considered the needs for an artefact for 
chest pattern recognition.  
During the evaluation phase, purposive sampling was used in order to conduct 
usability testing for the quantitative approach. Radiography educators who were 
involved in the diagnostic radiography programme from the MIRS Department were 
invited to participate in the usability testing. Of the seven educators invited, six 
participated in the evaluation of the artefact. The number of participants was 
considered sufficient as research suggests that 95% of usability problems that will 
become apparent with wider implementation of a product can be quickly identified with 
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only five or six randomly identified potential users (Sandars, 2010:8). The radiography 
educators were considered to be ideal for the evaluation of the artefact as they were 
involved in teaching implicit skills to radiography students. 
 
3.11 RELIABILITY AND VALIDITY 
3.11.1 Reliability 
Reliability refers to the consistency of the scores obtained by the same individual on 
different occasions or by different individuals on different occasions (Vijayalakshani & 
Sivapragasam, 2009:80). In other words, reliability deals with the extent to which there 
is consistency in the findings (Shrestha, 2009). The following were used to ensure 
reliability in the current study: 
 Adequate description of the theory that informed the study (including assumptions) 
as highlighted in the research procedure above; and 
 Detailed description of how the study was conducted, including the derivation of 
the findings from the data (audit trail). 
 
3.11.2 Validity 
Validity refers to the truthfulness of a test and the degree to which the test actually 
succeeds in measuring what it wants to measure (Vijayalakshani & Sivapragasam, 
2009:82). Prat et al. (2014) offer an alternative definition of validity and state that it is 
the degree to which the artefact works correctly and achieves its goal. The latter 
definition is the one commonly used in the context of DSR. There are different types 
of validity that a research project has to satisfy. According to Wieringa (2010), the DSR 
paradigm is a form of validation research in itself because it involves validation of an 
artefact/tool that has been designed.  The major characteristic of the DSR paradigm 
is that the tool being designed has not been transferred to practice yet and the biggest 
question then is how to investigate something that does not exist. The various 
development phases of the artefact were the answer to this question since the process 
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included mathematical analysis, modelling and simulation. These were concluded by 
the actual evaluation of the artefact in its applicability.  
Construct validity was ensured through the operationalisation of the designed artefact 
and the evaluation of the artefact.  The focus group interview with the clinical tutors 
addressed face validity since the interview ensured that the clinical tutors contributed 
towards the validation of what the artefact should be able to do. Other aspects of 
validity were dealt with in the evaluation phase. In addition, the generalisability of the 
results from this study, i.e. external validity, will be dealt with in subsequent 
developments as the artefact is further explored and applied to various environments 
(Shrestha, 2009). 
The validity of the SUS was also considered. The SUS is a tool that has become the 
design industry standard, with references in over 1 300 articles and publications 
(Usability.gov, 2018). In addition, the statements selected for use in the SUS cover a 
variety of aspects of system usability, which affords it a high level of face validity for 
measuring the usability of a system (Usability.gov, 2018).   
 
3.12   DATA ANALYSIS 
Data analysis was done in line with the phases of the study since the different phases 
required varied approaches to data analysis.  
 
3.12.1 Suggestion phase data analysis 
The initial phase of data analysis was the analysis of the focus group interview using 
the qualitative data analysis approaches. The focus group interview was audio taped 
and later transcribed verbatim by Nikkan Transcription and Typing Solutions. The 
transcribed data was then read to obtain a general sense of the information, which 
was followed by data coding. Themes were generated from the codes and the 
meaning of the data was interpreted to generate user input (Creswell & Clark, 
2011:14). Since there was one focus group interview, the researcher used colour 
coding on the transcribed data to highlight the themes that emerged from the interview. 
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The approach that was employed is that described by Seidel (1998:E2) which is based 
on noticing, collecting and thinking about things. The model is non-linear and the 
process could go back and forth between these three aspects as shown in figure 3.6.   
 
Figure 3.6 Data analysis process (Seidel, 1998:E2) 
 
Seidel (1998:E2) highlights that the model has the following characteristics: 
 Iterative and progressive: As indicated above, the process is non-linear and 
occurs as a cycle that keeps repeating itself. After going through the noticing 
stage and working on the thinking stage, you may notice things in the data. In 
principle the process is an infinite spiral.  
 Recursive: The process is recursive because one part can call you back to a 
previous part.  
 Holographic: The process is holographic in that each step in the process 
contains the entire process. For example, when you first notice things you are 
already mentally collecting and thinking about those things. 
86 
 
Noticing in this study started with taking the field notes and ensuring that the focus 
group interview was recorded. This process was followed by coding things, which was 
still part of noticing things. Colour coding was used to colour themes within the 
transcribed data. While coding, observations were made as to the category of the 
question that the codes belonged to. This was done to get a general sense that both 
questions of the interview were attended to. 
Noticing was followed by collecting and sorting out things, which is similar to fitting the 
pieces of a puzzle together. The identified themes were thus grouped into categories 
as part of the collecting and sorting process. This was followed by the last step in the 
analysis, which is thinking about things. Seidel (1998: 5) points out that thinking about 
things has the following goals: 
 To make some type of sense out of each collection; 
 To look for patterns and relationships both within a collection, and also across 
collections; and  
 To make general discoveries about the phenomena being researched. 
In essence, thinking about things is about reflecting on the nature of the discoveries 
and how these fit in with the research being carried out. 
 
3.12.2 Evaluation phase data analysis 
As highlighted above, the evaluation phase employed both quantitative and qualitative 
approaches, while considering the absence of similar artefacts within the same 
environment. The evaluation was therefore not done to compare the artefact against 
some gold standard. The qualitative evaluation approach used is described in section 
3.9.4 above. 
The data analysis for the quantitative evaluation adhered to the guidelines for the use 
of the SUS. The guidelines provide a standard of the analysis of the data gathered 
using this tool. Usability.gov (2018) presents the following as the guidelines for the 
analysis of data gathered using the SUS: 
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 SUS yields a single number representing a composite measure of the overall 
usability of the system being studied. The scores for individual items are not 
meaningful on their own. 
 To calculate the SUS score, first sum the score contributions from each item. 
Each item's score contribution will range from 0 to 4 because the participants’ 
scores for each question are converted to a new number. For items 1, 3, 5, 7 
and 9 the score contribution is the scale position minus 1. For items 2, 4, 6, 8 
and 10, the contribution is 5 minus the scale position.  
 Multiply the sum of the scores by 2.5 to obtain the overall value of system 
usability. SUS scores have a range of 0 to 100. 
 Based on research, a SUS score above 68 would be considered above average 
and anything below 68 is below average.   
 The scores must be normlaised to a percentile since they are not percentages. 
 
3.13   ETHICAL CONSIDERATIONS 
Permission to conduct the study was sought from FHS AEC of UJ. The four principles 
for resolving ethical considerations were applied (Dhai & Mason, 2011:43-44) as 
discussed below. 
 
3.13.1  The principle of respect for autonomy 
To maintain confidentiality and anonymity, the chest radiographs used during the 
research process did not contain the names of patients. Confidentiality was maintained 
at all times since the names of the participants were not used. Participants were not 
required to disclose their names.  Each participant received an information letter 
pertaining to the study (annexures B and D1). Informed consent was sought from 






3.13.2  The principle of non-maleficence 
Participation in the study carried no risk to the individuals. Participants in the study 
were treated with dignity and respect.  
 
3.13.3  The principle of beneficence 
Participation in this study was completely voluntary and the participants were free to 
withdraw if they so wished. Withdrawal from the study did not subject the participants 
to any form of consequence. 
 
3.13.4  The principle of justice 
The results of the study will be published anonymously and all the participants’ 
queries, concerns and satisfactions were documented. 
 
3.14 SUMMARY 
This chapter focused on the methodology that was employed in this study. It began by 
zooming in on the DSR paradigm, including why this methodology was chosen. The 
aim and objectives of the study, including the problem statement and hypotheses, 
were restated in order to ensure that the chapter was adequately contextualised. The 
ethical considerations that were considered in this study were also discussed. Issues 
of validity and reliability relating to the DSR paradigm were explored. The following 






4.1 INTRODUCTION  
The purpose of this chapter and the next two chapters is to present the results of this 
study. Demographic data will also be given where relevant for an understanding of the 
sample, its characteristics and the nature of the findings. Tables and figures will be 
used where necessary to display results. Furthermore, the results will be presented in 
the light of the aim and objectives of this research as indicated in the first chapter; the 
objectives are shown in figure 4.1.  
 
Figure 4.1 Objectives of the study 
Fourth objective
To explore the students’ experiences of using the artefact.
Third objective
To evaluate the artefact in terms of its ability to provide feedback to students and 
allow communication with the instructor.
Second objective
To evaluate the artefact in terms of its usefulness as an authentic tool that 
enhances implicit skills.
First objective




The results will be presented in the order of the phases in which the project was 
conducted (figure 4.2). A-C will be included in this chapter, D in chapter 5 and E in 
chapter 6.  
 
 
Figure 4.2 Framework of results 
 
As accentuated in chapter 3, each of the phases for this project had an expected 
outcome and these can be recapitulated as follows: 
 Awareness of problem: Generally the output of this phase is a research 












research problem statement which highlighted the gap that needed to be 
addressed through this project. 
 Suggestion: The output of this phase is generally the tentative design of the 
artefact or at least specifications to be used in guiding the development of the 
artefact.  
 Development: The output of this phase is the actual artefact. 
 Evaluation: The output of this phase is the performance measures of the 
artefact. 
 Conclusion: This phase is the finale of a specific research effort. It is during 
this phase that results are pronounced to be good enough. The results are 
written up and the write-up includes the knowledge gained during the design 
process. Such knowledge can be categorised as either “firm” or “loose ends”.  
 
The presentation of results is a focus on the conclusion in the above phases. However, 
in order to present a complete picture of the study, results will be given according to 
the phases of the study. This is an important aspect in DSR as the results of each 
phase culminate in the next phase. The presentation of results will also be done while 
ensuring that there is coalition with the criteria for conducting DSR projects as 
highlighted by Dresch, Lacerda and Antunes (2015:70) (figure 4.3). 
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Figure 4.3 Criteria for conducting DSR (Dresch et al., 2015:70) 
These criteria will be integrated into the presentation of results by ensuring that for 
each phase of the project, there is reflection upon these criteria. 
 
4.2 AWARENESS OF THE PROBLEM PHASE 
This was the initial phase of the study and culminated in the compilation and approval 
of a research proposal, which stated the identified problem and how it would be solved. 
As highlighted in the problem statement, the proposal identified the problem as the 
existence of a gap in current practice in the availability of custom-designed software 
•Research developed with the DSR method must produce 
viable artefacts in the form of a construct, model, method or 
installation.
1. Design as 
artefact
•The purpose of the design science research is to develop 




•The utility, quality and efficacy of the artefact must be 




•Research conducted by the DSR method must provide clear 
and verifiable contributions in the specific areas of the 
developed artefact and present clear grounding on the 
foundations of design and/or design methodologies.
4. Research 
contribution
•Research should be based on an application of rigorous 
methods in both the construction and the evaluation of 
artefacts.
5. Research rigor
•The search for an effective artefact requires the use of 
means that are available to achieve the desired purposes, 
while satisfying the laws governing the environment in 
which the problem is being studied.
6. Design as a 
research process
•Research conducted by DSR must be presented to both an 






packages for implicit skills reinforcement in undergraduate training in radiography as 
an essential driver of the success of competency-based education, especially within 
the South African context. It has been shown that there are several advantages of the 
design of tailor-made software tools as discussed in chapters 1 and 2.  
The proposal was written following a series of consultations with the project 
supervisors and the attendance by the researcher of the image analysis course which 
was presented by the MES. The research proposal was written and had to be 
approved by the following committees: 
 Department (MIRS) Research Committee 
 Faculty of Health Sciences Higher Degrees Committee – annexure E 
 Faculty of Health Sciences Academic Ethics Committee – annexure F 
These committees reviewed the proposal in terms of its academic merit and alignment 
with the ethics governing research within the health sciences field. The committees 
also dealt with questions regarding the validity, standard, need, financial and 
institutional implications, benefits and value of the study. The approved proposal was 
adopted as the map for the study. In terms of the DSR criteria highlighted above, the 
approval of the proposal met the following criteria: 
 Criterion 2 – problem relevance – the study was aimed at providing a real 
solution to an identified problem. 
 Criterion 4 – research contribution - the committees had to be satisfied that the 
project would make a positive contribution to the field of radiography education 
and research within the Faculties of Health Sciences, and of Engineering and 
the Built Environment at UJ. 
 Criterion 6 – design as a research process – DSR was the method identified 
to be the most suitable to achieve the desired purposes, while satisfying the 
laws governing the environment in which the problem was studied. 
 
The awareness of the problem phase did not have a direct contribution to any of the 




4.3 SUGGESTION PHASE 
The suggestion phase was essentially a creative step which crafted the novel 
guidelines for the development of the artefact. The first step in the suggestion phase 
was the TF, which began with a focus group interview of practising radiographers who 
were involved in training students. The results related to the suggestion phase are 
presented below. 
 
4.3.1 Demographic data of the participants 
A total of eight (n = 8) clinical tutors participated in the focus group interview. The 
gender split of the focus group was 50/50, i.e. there were four males and four females. 
The average age of the participants was 42 years (table 4.1). 
 
Table 4.1 Age range of the focus group participants (n = 8) 
Age range (in years) 
20 – 29  30 – 39  40 – 49  50 – 59  Total 
0 4 (50%) 0 4 (50%) 8 (100%) 
 
The age of the participants fell within the ranges of 30 – 39 years and 50 – 59 years. 
Four of the participants (50%) had a BTech in Radiography as the highest qualification 
and 3 (38%) held a NDip in Radiography. One (12%) participant had completed the 
NHDip, which is equivalent to the BTech. Six (75%) participants were not involved in 
any form of further education at the time of the interview and 2 (25%) were involved in 
further education in fields unrelated to radiography. Over 85% of the participants had 
over 5 years’ post-qualification experience and 50% with more than 20 years of 






Table 4.2 Clinical experience of focus group participants (n = 8) 
Experience in radiography (in years) 
0 – 4  5 – 9  10 – 14  15 – 19  >20  Total 
1 (12.5) 1 (12.5%) 2 (25%) 0 4 (50%) 8 (100%) 
 
The participants were therefore considered to be information-rich radiographers, in 
terms of both experience and education, to contribute to the suggestion phase of the 
project. 
 
4.3.2 Focus group interview themes 
During the interview, the participants were asked two fundamental questions and the 
researcher used interviewing techniques (including confirmation, probing and 
paraphrasing) in order to gain detailed views/opinions. The two research questions 
asked were the following: 
(a) What do you consider to be the needs for CAD tools in pattern recognition 
of the chest?  
(b) What should such a tool be capable of in order to be useful in training of 
radiographers?  
These two questions were used as the two categories within which the themes that 
emerged from the interview were organised, i.e. the needs for software packages in 
pattern recognition and their capabilities to be useful in the training of radiographers. 
An excerpt of the raw data of the interview appears in annexure G. The themes are 








Table 4.3 Summary of themes from focus group interview 
Category 1: Needs for the CAD tool in teaching pattern recognition 
Theme Sub-themes 
4.3.2.1 Theme 1: Students’ 
pattern recognition skills and 
critical thinking skills 
a) Enhancement of students’ pattern recognition skills 
which are lacking 
b) Development of problem-solving skills of students 
c) Teaching students a structured approach to pattern 
recognition 
4.3.2.2 Theme 2: 
Reinforcement platform and 
enhancement of 
observational skills 
a) Enhancement of observational skills for abnormal 
patterns 
b) Ideal platform for reinforcement by allowing students to 
engage with the same activity repeatedly 
Category 2: Capabilities of the CAD tool in teaching pattern recognition 
4.3.2.3 Theme 3: Image 
quality 
Good resolving ability (good resolution) 




a) Perform consistently 
b) Work with images irrespective of their source, i.e. must 
work with various equipment brands 
c) Ability to maintain the original exposure factors and not 
allow the individual to alter these for their benefit 
d) Must have quality assurance in terms of self-diagnostic 
tests to pick up malfunction 
4.3.2.3 Theme 5: Annotations 
and measurements 
a) Ability to perform measurements  
b) Ability to capture findings 
4.3.2.4 Theme 6: Suitable 
database 
a) Pre-programmed terminology  
b) Database of various pathologies  
c) Auto back-up to prevent information loss 
4.3.2.5 Theme 7: Accessibility a) Records easily accessible 
b) Voice prompts/built-in audio and visual stimulations 
c) Password protection and user tracking 
 
The themes that emerged from the first category helped to establish the need for the 
artefact while highlighting that this artefact will create a reinforcement environment 
which is critical for implicit skills development. These themes also flagged that such 
artefacts will enhance the critical thinking skills of students. The themes of the first 
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category had no direct link with the actual design of the artefact, except to guide the 
researcher and the software developer in terms of the needs that the tool should meet.  
 
4.3.2.1 Theme 1: Students’ pattern recognition skills and critical thinking 
skills 
a) Enhancement of students’ pattern recognition skills which are lacking 
The focus group highlighted that the pattern recognition skills of students was currently 
lacking and in some cases students did not understand the difference between pattern 
recognition and image evaluation. They indicated that there was a need to develop 
alternative approaches to enhance teaching pattern recognition to students.  
“Because the student’s knowledge of pattern recognition is shocking.  
They have just come to this stage where I just do the image, it kind of looks 
like a chest, let’s go …”  PTCP 2 
“What I’ve also come to notice is…sorry, sorry…is the student don’t know 
the difference between pattern recognition and film evaluation. They don’t 
know the difference between those two.  So if a tool like that can come into 
practice and into play then it will be easy distinguishable between the two 
because if I evaluate a student they go the trachea [INDISTINCT] is 
symmetrical, blah-blah-blah, there’s no rotation.  I’m doing pattern 
recognition, you are evaluating the film now.  Come tell me about densities, 
tell me about…they don’t know the difference.” PTCP 4 
This sub-theme highlights the lack of well-developed implicit skills of students which 
may lead to poor practice in pattern recognition and image evaluation. The lack of 
adequate pattern recognition skills (implicit skills) could be a result of the use of 
inappropriate teaching methods. 
 
b) Development of problem-solving skills of students 
The focus group members were of the view that the artefact may assist the students 
in developing problem-solving skills and in making associations of what they see 
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displayed. Problem-solving skills are important in the practice of a field such as 
radiography because they may be used in decision making that may have a bearing 
on the management of the patient. The participants pointed out that problem-solving 
skills would assist students in making associations of the patterns they see with the 
presentation of the patient and thus enable them to contribute to the management of 
the patient, e.g. by performing further views that can better demonstrate the suspected 
condition/pathology.   
“And the other thing that I picked up last time when we doing the critical 
[INDISTINCT] on the patterns was there are certain description that you can 
give.  You can really know as a third year student that this can be related to 
A, B, C, D.  They know how to do [INDISTINCT] for certain [INDISTINCT] 
pathology they know but some of the…or that they do pattern recognition 
they can tell that this can be related to this, not actually diagnosing, saying 
knowing that pneumonia may be started at the lower [INDISTINCT] so this 
can be related to…it will also [INDISTINCT] with that critical thinking to say 
once they’ve seen different patterns they’ll know at some point that it could 
be associated with [INDISTINCT].”   PTCP 6 
“They don’t look for problems anymore, they don’t look at their image to say 
they questioned this but maybe that could be another underlying problem.” 
PTCP 2 
 
c) Teaching students a structured approach to pattern recognition 
The focus group highlighted that the artefact would be able to teach students a 
structured approach to pattern recognition. The structured approach would assist 
students in knowing where to start in reviewing the image and how to go about doing 
it systematically. Such a structured approach is critical in the development of implicit 
skills as it is an effective method for reinforcement. The participants clearly indicated 
that the approach should allow reinforcement. It was interesting to note that while 
engaging with this topic of the needs for the use of artefacts, the participants were 
already thinking about how possible it would be for software to be developed to give 
adequate guidance to students. 
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“Anyway, she used to tell us that if you start doing a pattern recognition, 
you should have a pattern.  Either start at the spine of the chest, for 
argument sake, go outwards or start from out and go inwards.  So I 
think…” PTCP 4 
“So you are saying it must have a structured approach?” PTCP 1 
“Yes.” Group. 
“It mustn’t allow anybody just to start from the top.  I don’t know how the 
computer guys are going to do all these things.” PTCP 4 
The participants were therefore of the opinion that a structured approach is important 
for the development of pattern recognition skills. Such a structured approach could be 
achieved through the use of suitable software packages or computer technology. 
 
4.3.2.2 Theme 2: Reinforcement platform and enhancement of observational 
skills 
 
a) Enhancement of observational skills for abnormal patterns 
The focus group felt that an artefact was needed to enhance the observational skills 
of students. The artefact would sharpen their ability to pick up the abnormal findings 
easily. 
“And it will increase their observing skills ‘cause immediately you see it 
you just look for this and that and that and that.” PTCP 3 
“Your eye will be trained, basically to identify the abnormal periods.” 
PTCP 3 
Observational skills are part of the implicit skills that need to be enhanced through 





b) Ideal platform for reinforcement by allowing students to engage with the 
same activity repeatedly 
The focus group members stated that the artefact could be an ideal platform for 
students to engage with similar images repeatedly until they had mastered that 
particular skill. This could be linked to the fact that all the images would be available 
on one platform without the need to retrieve images from different platforms or having 
to place images on a viewing box. 
“So the last one at the end after seeing most of them he could answer most 
of the questions.  So having to see a thing again on a [INDISTINCT] it will also 
help you to have an overall knowledge before you can even go and do that 
pattern recognition.  I think let’s say if I had to take a third year…‘cause this 
was a first, if I had to take a third year I think by the time they are…they have 
viewed the system maybe several time but [INDISTINCT] I think they’ll be at 
that level.” PTCP 6 
“Interaction with the tool will help to increase their knowledge so the need 
for the tool is to assist with increasing the knowledge base because the more 
you interact the more it’s…okay.” PTCP 1 
The themes that emerged from the second category (capabilities of the artefact in 
teaching pattern recognition) were specifically used to inform the SRS document in 
terms of what the artefact must be capable of.  The focus group participants raised 
several important aspects that they considered to be essential for the artefact to 
function effectively in order to meet the needs highlighted above.  
 
4.3.2.3 Theme 3: Image quality 
Good resolving ability (good resolution) 
The participants highlighted that it was important for the artefact to have good 
resolving ability, i.e. good resolution. The participants deemed a high standard of 
image resolution as important, as the absence thereof could lead a person to miss 
important findings on the image.  
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The participants felt that poor resolution can lead to incorrect information from the 
image and errors in terms of judgement regarding what is contained in the image.  
“I don’t know if I’m…I’m starting the second one.  From my experience, 
what I’ve seen, I’m thinking the resolution, since it might be computer 
related.  The resolution is very important since every time when we view 
an image you might get the incorrect information ‘cause of the resolution 
of the image.  Having what we CR I’ve seen that you can do only work with 
thicker areas like pelvis, like when you do oblique you find that in other 
brands…I won’t mention names, in other brands you get a good 
resolution on a thick…on a thicker part like pelvis and then with other 
equipment you get a grey images.  So that can lead to…in terms of pattern 
recognising to identifying something that is not there, taking it for 
something else.  So I think if you gonna use a tool that’s gonna have 
images, it must have a good resolution.  So if they have to invent 
something they must look at the quality also.” PTCP 3 
“Would you agree with me if I say that it fits more the second question?  
So it must be capable to resolve the different densities and show you 
detail properly?”  PTCP 1 
“That’s true, that’s what I was saying.” PTCP 3 
 
4.3.2.4  Theme 4: Consistent performance 
a) Perform consistently 
Participants highlighted that the developed artefact had to be able to address the issue 
of consistency, which in this case has to do with being able to display the image to be 
useful irrespective of the exposure factors used.  
“I think I concur with the two colleagues on the part where we talking 
about image resolution of quality ‘cause I was coming to say we need to 
have a system which will provide us with consistency in terms of showing 
us…of giving us the adequate quality of the image and I’m speaking in 
terms of your exposures, what you expose or whatever exposure factor 
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you said, we should get exactly the same image on the screen.  You need 
not need to be adjusting or do as much post-processing as what we see 
happening currently because if you are doing pattern recognition and you 
fiddle too much where there…that’s where you may lose certain things 
and get into misdiagnosis.” PTCP 2 
“…So it should perform consistently.” PTCP 1 
 
b) Work with images irrespective of their source, i.e. must work with various 
equipment brands 
This capability links to the issue of consistency as well. The participants highlighted 
that the artefact should have the ability to function with images generated from 
different equipment brands without losing any quality or resolution of the image. This 
is a critical aspect since the developed tool should have the ability to upload images, 
irrespective of their source. This view was based on the experience of participants 
where they had seen the image appearance change when uploaded on a different 
platform. 
“I think if we go back to that…after I asked you that question, in my 
experience, I’ve came across situations where on one computer it’s one 
make and then you got a different make.  So the image that you get from 
that make and if you transfer it to another computer that’s a different 
make, the quality…the resolution…the densities change.  So that’s one 
little aspect that we need to look at just to…I think that’s gonna be a little 
bit of a pitfall if you gonna have two computers.” PTCP 4 
“But now I think it must highlight the issue of working with different 
computer systems.” PTCP 5 
“So we should be saying that it should offer consistency within 
adaptable…” PTCP 3 




c) Ability to maintain the original exposure factors and not allow the individual 
to alter these for their benefit 
The ability of the system to maintain the original exposure factors without allowing the 
user to manipulate them for their benefit is an important aspect. The participants felt 
that the artefact needed to be able to keep the original exposure factors of the image 
or image appearance. This is a critical aspect because this will ensure that, after the 
image has been manipulated, it will still retain the original appearance. 
“What I also think in terms of part of the [INDISTINCT] it seems you are 
going to be dealing with pattern recognition which is the main core of this 
whole system.  One needs to bear in mind that this system also needs to 
also be able to capture your exposure factors because they also come 
into play a lot, particularly if you are in a training institution where 
everybody alters the…you don’t use the same exposures.  So it should 
have an element where it’s able to capture or where you can record your 
exposure factor so that when…even when you doing your recognition you 
can do comparison to be able to say but this was overexposed therefore 
you might be thinking…or maybe it’s underexposed and you might be 
thinking a patient has [INDISTINCT] whereas not.” PTCP 2 
 
d) Must have quality assurance in terms of self-diagnostic tests to pick up 
malfunction 
The results highlighted that the artefact had to have quality assurance that can include 
self-diagnostic tools to detect challenges with the software.  
“What about the quality control measures that have to be done?...like on 
weekly basis this and this has to be checked for instance…on the tool 






4.3.2.3 Theme 5: Annotations and measurements 
a) Ability to perform measurements 
The artefact had to be able to perform measurements. The ability to perform 
measurements in pattern recognition is important because it may help the 
radiographer to determine the density and size of structures and thus be able to 
determine whether there is an abnormality. 
“A good thing for that one might be something along the lines of what you have 
on CT where you actually have density measurements.” PTCP 6 
 
b) Ability to capture findings 
The focus group raised the notion that the artefact should have the ability to annotate 
observed patterns and, where applicable, have programmed annotations (a database) 
that can allow comparisons. 
“I think the other thing since it’s [INDISTINCT] for teaching purposes it 
needs to be something that also allows us to capture the findings or the 
patterns recognised in the image, there should be that portion where you 
can record it so that even next time when you had a certain image from 
me you finding the same patterns, you can compare to see are they of the 
same appearance ‘cause you relying on appearance.” PTCP 2 
 
4.3.2.4 Theme 6: Suitable database 
a) Pre-programmed terminology 
The participants felt that the artefact needed to have pre-programmed terminology that 
is commonly used in pattern recognition of the chest.  
“I’m thinking of expedition…[INDISTINCT] out the process.  What about 
having a preset then you don’t have to type radiolucent line starting from 
the distant portion of blah-blah-blah.  You don’t have to type that in.  That 
might be preset already then you just got to…into this tool and just click 
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on radiolucent line or whatever the case may be.  Maybe just to speed up 
the process because of, as we all know, in private practice time is money.  
So you don’t want to stand there now and type in radiolucent line and at 
the end of the day…all your pattern recognition terminology that you’ve 
gotta use.” PTCP 4 
 
d) Database of various pathologies 
The importance of the artefact having a database of various pathologies was also 
highlighted. Such a database could be used for reference purposes when teaching 
students. They can access previous images with the relevant information. 
“The other thing that I also wanted to mention is the…I don’t know how 
possible this could be but obviously it’s also user dependent.  The 
calibration of the various images attached to various pathologies or 
various patterns whereby you could have an example of a pneumothorax 
so that if you have a very new person coming in that you also teaching, 
they can easily go under the profile of pneumothorax and see 
pneumothorax looks like this therefore whatever they see it’s suggestive 
of a pneumo or [CROSSTALK].” PTCP 2 
“Like a reference type of thing.” PTCP 4 
“A reference, yes, a reference type of……” PTCP 2 
 
e) Auto back-up to prevent information loss 
The importance of the capability to protect the data to avoid loss of the data was 
identified. The participants felt the artefact had to have auto back-up so that even when 
there were unexpected interruptions, the information would not be lost. 
“I’m thinking about protective…I’m thinking about something that 
can…that has a protective mechanism, something that cannot use in for 
if…or have a some form of protection should you use it and then let’s say 
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maybe there’s load shedding or something, something that can also keep 
the information.” PTCP 3 
“Backup system.” PTCP 4 
“Backup systems.” PTCP 3 
 “Or to use the word auto backup [INDISTINCT] ‘cause it must begin on 
its own.” PTCP 2 
“Then should you reboot you can still get whatever that you 
[INDISTINCT].” PTCP 3 
“So that information is not lost.” PTCP 5 
 
4.3.2.5 Theme 7: Accessibility 
a) Records easily accessible 
The results of the focus group interview also highlighted the importance of the artefact 
affording easy access to previous records. 
“The previous records should be easily…easy accessible.” PTCP 4 
“Accessible.” PTCP 4 
 
b)  Voice prompts/built-in audio and visual stimulations 
The results indicate that the artefact had to have voice prompts and visual 
stimulations. This could assist in guiding the students in following the approach. It can 
prompt them to do certain things and remind them of an important process step that 
they may have missed. 
“Built-in audio facility.  How [INDISTINCT] gonna do I don’t know.” PTCP 
3 
“It will communicate with you, telling you start there or start there or have 
you done this or…” PTCP 4 
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“So, ja, a guiding voice.” PTCP 2 
“[INDISTINCT] pictures and audio and colours, they really [INDISTINCT] 
whatever that you get like if I were to say let’s say maybe if I can maybe 
say…what can I say?  Let’s say metal.  I can look at the metal at this point 
and say I know this is a metal but for a first [INDISTINCT] if you can look 
and listen to the metal somewhere it’s got to capture [INDISTINCT].  Other 
one you can say metal and put a colour on it so you grab three things so 
if you lose one, you left with two.  So it’s…” PTCP 3 
“Visual stimulation.” PTCP 4 
“Yes.” PTCP 3 
“Audio stimulation.” PTCP 4 
 
c) Password protection and user tracking 
The results highlight the importance of the artefact being able to track the user through 
the use of passwords. This can be useful to monitor the usage of the artefact by the 
students.  
“…this would come to a point where you speaking of the users and I’m 
thinking we should also maybe have a way of linking it to a user…” PTCP 
4 
The qualitative data presented above identified several aspects that needed to be 
considered during the design of the artefact. The themes generated had to be 
incorporated into the SRS document according to the structure presented in chapter 
3 (table 3.2). 
 
4.3.3 Software Requirement Specifications (SRS) 
The general SRS structure in chapter 3 was used to guide the tailoring of the themes 
generated above into the compilation of the SRS document of the current study.  In 
addition, the SRS document was compiled with due consideration of the specific goals 
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of this document as well as specific critical issues including functionality, external 
interfaces, performance, attributes and design constraints.  
In order to make sense of the SRS document, table 4.4 shows three salient 
subsections of the SRS document, which are the purpose, scope and the software 
quality attributes of the artefact. The full SRS document is appended as annexure H. 
Tailoring the themes that emerged from the qualitative data to the proposed structure 
of the SRS document yielded a map to be used to guide the development of the 






Table 4.4 Salient sections of SRS document 
Purpose 
This document spells out the SRS for the design of the artefact that could be used for training student 
radiographers in plain radiography chest imaging pattern recognition. The document also seeks to describe 
the scope of the system, inclusive of both functional and non-functional requirements for the software and 
related design aspects. 
Scope 
The software must be able to do or have the following: 
 Good resolving ability. Generally conventional radiography has a resolution of 5-10 line pairs per 
millimetre (lp/mm) and for computerised radiography (CR) and digital radiography (DR), this is reduced 
to about 2.5 lp/mm (Kanal, 2010) (NB: The images used could be a combination of conventional 
radiography films and digital – CR or DR). 
 Must have the ability to work with varying matrix sizes used during imaging (typical matrices as 
described by Kanal (2010), CR: 1760 X 2140 X 10 bits/pixel and DR 2048 X 2560 X 16 bits/pixel. 
 Must be able to import the technical factors from the original source. 
 Must have a user profile tracking ability. 
 Must be able to capture patterns that were previously done on the system that have similar 
notes/findings.  
 Must have a pre-programmed bank of terminology and their definitions for the common pathologies. 
 Must be capable of measuring or assigning density values to structures. 
 Must have built-in audio and colour-coding abilities. 
 Must be able to perform measurements (using a ruler) and basic calculations such as ratios. 
 Must have the ability to draw, trace and hide structures. 
 Must be capable of having a step-by-step approach that will provide feedback to the user if any step 
was missed. 
 Must be able to magnify objects and define regions of interest. 
 Must be able to incorporate self-test functions. 
Software quality attributes  






 Testable  
 Implementable in multiple 
computers 
 
A review of the literature on the general approaches to teaching pattern recognition in 




 Tutorial 1:  Pre-reading of the image to assess whether it is acceptable or not 
to be used for diagnostic purposes. 
 Tutorial 2:  Designed for the evaluation of the quality of the image in line with 
the RIPE mnemonic (Yaakob, 2007). 
 Tutorial 3: Designed for the systematic review of the image as suggested by 
Rockall et al. (2013:20) and Corr (2001:33).  
 Tutorial 4: Designed to be a step-by-step approach to summarise some of 
the findings of tutorials 1 – 3 (Corr, 2001:33). 
However, the actual design of the artefact did not include tutorials 3 and 4, which will 
be followed up for design after completion of the study. It is pointed out in chapter 3 
that the output of the suggestion phase is generally the tentative design of the artefact 
or at least specifications to be used in guiding the development of the artefact. In the 
current project, the output was the SRS document shown above. This output was a 
direct response to the first objective of the project, which was to design an artefact 
for plain radiography chest imaging using the current pattern recognition 
guidelines. The results of this phase therefore yielded specifications that were 
instrumental for the successful design of the artefact. In terms of the DSR criteria, the 
suggestion phase met the following criteria: 
 Criterion 2 – problem relevance – the qualitative data affirmed the need for the 
design of the artefact to resolve a specific problem. 
 Criterion 4 – research contribution – due to the problem relevance as in 
criterion 2, the study makes a significant research contribution.  
 Criterion 5 – research rigor – the suggestion phase had strong elements of 
research rigor combining qualitative data and literature review to arrive at the 
SRS document. The SRS document was critical for the design of the actual 
artefact. 
 Criterion 5 – design as a research process – the suggestion phase was an 




4.4 DEVELOPMENT PHASE  
This phase entailed the actual development of the artefact. This was the primary task 
of the project team from the MES Department, which specialises in image analysis 
software design and programming. The artefact was developed using Microsoft Visual 
Studio 2013 which runs on the SQL server expressly for database management (figure 
4.4). The SRS document (annexure H) was used to guide the development of the 
artefact. The key aspects of the SRS document that need to be considered during the 
development of the artefact were overall description which included the product 
perspective, product functions,  user classes and characteristics, operating 
environment, user environment and then actual design aspects. With regards to 
product functions, as indicated in chapter 3, the intention with the initial design of the 
software package was to have at least four tutorials, but the ultimate design yielded 
only two. This was acceptable in the context of the DSR paradigm. 
The non-functional requirtements that had to be considered included performance 
requirements, safety requirements and security requirements. The external interface 
requirements considered user interfaces, hardware interfaces, software interfaces,  




Figure 4.4 Example of SQL Server Management Studio 
The artefact was designed to be standalone and virtual software to be used for training 
students. The artefact is installable on any computer which has the support of the SQL 
server within its network. In terms of access, it was designed to have three levels of 
classes: 
 Designers/developers; 
 Instructors; and 
 Students. 
On the login page, the designers log in as a staff member, the same platform that the 
instructor logs into. The welcome screen when the ProtoRad is launched is shown in 
figure 4.5. Each user has unique login credentials, which secures the use of the 




Figure 4.5 Welcome screen of ProtoRad 
The instructor, in this case the researcher, has the rights to several functions. As 
shown in figure 4.6, these functions are divided into tutorial functions and admin 
functions. The tutorial functions allow the instructor to set up the artefact for various 
tutorials which include loading images, assigning specific tutorials to the images 
loaded, editing questions, providing patient history or hints and providing the answers 
to the tutorials. The tutorials were designed by the artefact designer and the instructor 




Figure 4.6 Home screen for instructor function 
Figure 4.6 also shows that the artefact keeps track of the last login details (date and 
time) of the user and identifies the user by name, user level (student or staff) and the 
relevant identity number (student or staff number). The instructor therefore has the 
ability to keep track of the usage of the artefact by students, including which tutorials 
were completed, when and the score obtained. 
The admin functions allow the instructor to perform the following: 
 Add new students/staff to the platform.  
 Edit existing students. 
 Communicate with students.  
 Most importantly, review the progress of students by reviewing their tutorial 
marks and answers.  
Figure 4.7 depicts the appearance of the screen when the instructor communicates 
with the students. Students can send an inquiry as either minor or major, which alerts 
the instructor as to how swiftly a response is required. The communication with the 
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instructor is live, i.e. as the students send the inquiry, it is delivered immediately to the 
instructor’s side. However, there is no formal notification to inform the instructor of the 
incoming inquiry; the instructor has to physically be active on the artefact in order to 
note the inquiries sent by the students. 
 
Figure 4.7 Communication pane for instructor 
 
As indicated above, the instructor can review the tutorial marks for each tutorial 
completed by each student (figure 4.8). The instructor can thus easily detect the 
students that are experiencing challenges while simultaneously being able to identify 





Figure 4.8  Instructor mark review pane 
On reviewing the marks, the instructor first has to select which tutorial to review and 
then choose a particular student to drill down to performance per image answered for 
the tutorial (figure 4.9), in the same manner that the students would be able to check 
their correct answers. 
 
Figure 4.9 Drill-down review of tutorials completed by student 
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In order to review the performance of the student on a specific image, the image ID 
can be selected and the detailed review of the correct and incorrect answers given by 
the student are displayed (figure 4.10). 
 
Figure 4.10 Drill down on performance of student per image 
 
The instructor has the function to allocate images to specific tutorials and provide the 
correct answers that the students’ answers will be marked against. Figure 4.11 shows 




Figure 4.11 Example of addition of answers to specific images for tutorial 1 
Figure 4.12 displays the pane for the addition of the answers to specific images for 
tutorial 2. 
 
Figure 4.12 Pane displaying addition of answers for images for tutorial 2 
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The instructor has the option to provide or edit answers from SQL Server Management 
Studio (figure 4.5 shows an example of this). The home screen for the student function 
is different from that for the instructor (see figure 4.13). 
 
Figure 4.13 Home screen for student function 
Students have several functions, including the ability to change their user details. 
However, this function only allows them to edit their name and their password. It does 
not allow them to alter their student number, which is their primary identity within the 
artefact. Students do not have the ability to change their academic level. The instructor 
sets up the academic level of each student, which is determined by their level of study. 
Using the inquiry status function, the students can check the progress of their 
communication with the instructor. However, should they wish to communicate with 
the instructor, they need to use the submit inquiry function  (see figure 4.14) or they 
can send the communication while on the review answered tutorials function as 
shown in figure 4.15 below.   As previously indicated, the submit enquiry function 
allows them to categorise the communication as minor or major and they can also 
submit the inquiry anonymously. However, if they choose the latter, they will not 
receive direct feedback as the instructor will not be able to identify the originator of the 
inquiry. The feedback would be provided broadly to all students. Students also have 
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the option of submitting an inquiry after launching the tutorial. This is designed to 
ensure that if students experience a challenge while completing a tutorial, they can 
immediately submit the inquiry to the instructor. 
 
Figure 4.14 Students’ inquiry submission function 
 
The outcomes list function was not activated for the purpose of the current study. 
However, in future it may be activated to give the students the outcomes and 
assessment criteria, or any other information that will assist them in attaining the 
outcomes of the use of the software.  
The review answered tutorials function allows the students to view the results of 
the tutorials that they have completed, thus allowing them to track their progress (see 




Figure 4.15 Results review screen for students 
 
Figure 4.15 above also shows that, while students are reviewing their marks, if they 
have an inquiry, they can submit it immediately to the instructor. The review of the 
results by the students is presented per image. Students can therefore select the 
particular image by choosing Image ID, which then opens the results of that particular 
image with the correct answers indicated. The students can thus review and check 




Figure 4.16 Results review screen for a specific image for students 
 
While reviewing their answers against the correct answers, the image is displayed so 
that they can simultaneously check against the image. 
The start tutorial function launches the tutorial for the students and they can select 
whether they want to complete tutorial 1 or tutorial 2. However, if they have not met 
the requirements for tutorial 1, the system will not allow them to progress to tutorial 2. 
When launching tutorial 1, the first screen that appears gives them the option to 
familiarise themselves with a variety of the buttons that are useful during the review of 
the image. The tutorial launch screen also provides patient history or any hints that 
might be useful during the review of the image. The buttons are divided into two major 
groups, i.e. image processing buttons and drawing tools. The image processing 
buttons assist them with getting the desired appearance of the image and the drawing 




Figure 4.17 Example of screen during completion of tutorial 1 
However, the image processing buttons and drawing tools do not change the original 
image settings. In addition, if the students hover the mouse over a particular 
button/tool, a description is given of the function of that button/tool. The image 
processing buttons include the following: 
 The image contrast modification button (see figure 4.18) is used to modify the 




Figure 4.18  Contrast modification function (contrast set at 71) 
 
 Image rotation button (see figure 4.19) is used to rotate the image. 
 
Figure 4.19  Image rotation function (image rotated at 90 degrees) 
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 The image inversion button (see figure 4.20) creates the negative of the original 
image, i.e. black becomes white and white becomes black. This assists with 
allowing the visibility of structures that may not be visible in the original image. 
 
Figure 4.20 Inverted image function 
 The Sobel edge button performs the standardised edge detection on the image, 
i.e. creates image-emphasising edges (figure 4.21). This feature can be useful 




Figure 4.21 Sobel edge detection function 
 
 The histogram equalisation button generates a standard histogram-equalised 
image (figure 4.22). This function adjusts image intensities to enhance contrast 
using the image’s histogram. 
 




 The median filtering button performs the median filtering of the image (figure 
4.23). This function is a non-linear digital filtering technique, often used to 
remove noise from an image or signal. This improves the quality of the image 
without altering the necessary detail of the image. 
 
Figure 4.23 Median filtering function 
 
 The convolve filtering button is a convolution kernel applied to the image (see 
figure 4.24). This function is useful for processing the images for certain 
features by blurring, sharpening, embossing, edge detection, etc. The artefact 
does not give students the option to play around with the convolve button, as it 




Figure 4.24 Mask convolved filtering function 
 The Gaussian sharpening button performs Gaussian sharpening of the image 
(figure 4.25) and this typically reduce images noise and detail. 
 
Figure 4.25 Gaussian filtering function 
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 The diagonal button allows the students to draw a diagonal line from the right-
hand top corner of the image to the bottom left-hand corner of the image. 
 
The drawing tools include the following: 
 Straight line drawing (see figure 4.26) 
 
 
Figure 4.26 Straight line drawing tool 
 




Figure 4.27 Circle drawing tool 
 
 The zoom in (figure 4.28) enlarges an area of interest to help visualise a 
particular structure. 
 
Figure 4.28 Zoomed in image at scale of 1.2 
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 Clear drawing is used to clear any drawing made on the image. 
 The colour sampling tool allows the student to fill an area with colour. 
 The outliner draws a closed polyline on the image. 
 Text on image. 
 Geometry data allows the student to get data about a drawing element. 
 The test overlay has the same function as the colour sampling tool. 
 
NB: The tools in bold could not be fully functional for this version of the artefact 
but future work will ensure that these buttons are fully functional. 
The results of the development phase directly addressed the first objective and partly 
the third objective. The first objective was about the design of an artefact for plain 
radiography chest imaging using the current pattern recognition guidelines – this has 
been achieved as narrated in the results above. The third objective focused on the 
evaluation of the artefact in terms of its ability to provide feedback to students and 
allow communication with the instructor. The results above clearly indicate the ability 
of the artefact to allow communication between the instructor and the students and is 
an excellent platform for feedback to students.  
With regard to the criteria for conducting DSR, the development phase addressed the 
following aspects: 
 Criterion 1 - design an artefact – an artefact was developed. 
 Criterion 2 - problem relevance – the designed artefact was aligned with the 
problem identified. 
 Criterion 4 - research contribution – this artefact has contributed to the pool of 
research and has the potential to contribute to future research projects. 
 Criterion 6 - design as a research project – the development results showed 
evidence of the use of means that are available to achieve the desired 
purposes, while satisfying the laws governing the environment in which the 





4.5 SUMMARY   
The purpose of this chapter was to present the results of this study in the light of the 
aim and objectives of the study. Demographic data gave an understanding of the 
sample, its characteristics and the nature of the findings. Tables and figures were used 
to display results. The focus of the results in this chapter was the suggestion and the 
development phases. The development addressed the aspects that were raised in the 
SRS document, which served as a blueprint for the design. It was also highlighted that 
the SRS document had indicated an intention to design the artefact with four tutorials, 
however, the actual design only yielded two tutorials. This was acceptable in the 
context of DSR due to the tolerance levels that are far higher. The results of the 





EVALUATION OF THE ARTEFACT 
 
5.1 INTRODUCTION 
The evaluation phase is critical in the DSR process because it allows for conclusions 
to be made regarding the utility and adaptability of the artefact. The purpose of 
evaluation is to demonstrate the utility, quality and efficacy of a design artefact using 
rigorous evaluation methods (Assefa, 2014). The purpose of this chapter is to present 
the evaluation of the artefact. The artefact is evaluated using both quantitative and 
qualitative methods as described in chapter 3. The framework of this chapter is shown 
in figure 5.1. 
 



















The chapter will begin with the quantitative evaluation, followed by the dimensions of 
the qualitative evaluation of the artefact. The chapter will end with consideration of the 
variables and values that were evaluated in the study.  
 
5.2 QUANTITATIVE EVALUATION 
The quantitative evaluation used the SU approach as described in chapter 3.  The 
demographic data of the participants is followed by the SUS results. Because of the 
sample size, even though the demographic data was collected, no correlations were 
made with the scores of the SUS. However, comments will be made on some 
observations made with the data. 
 
5.2.1 Demographic data 
There were six participants for the quantitative evaluation of the artefact; they were all 
radiography educators in the diagnostic radiography discipline. All the participants 
were female, with an age range of 29 to 57 years. The mean age was 43.6 years. 
Participants were asked to indicate if they had any experience in the use of any 
radiography software package for enhancing pattern recognition skills of students. 
Three (50%) participants reported having such experience. 
The participants’ experience as radiography educators is shown in table 5.1. 
 
Table 5.1 Years of experience as a radiography educator (n = 6) 
Years of experience No. of participants 
1 -  5 years 2 (33%) 
6 – 10 years 0 (0%) 
11 – 15 years 3 (50%) 
16 – 20 years 0 (0%) 
> 20 years 1 (17%) 
Total 6 (100%) 
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Half of the participants (50%) had experience as educators of 11 – 15 years and only 
2 (33%) had 1 – 5 years of experience. With regard to the highest qualification of the 
participants, 4 (66%) had a master’s degree, 1 had a doctoral degree and 1 had a 
bachelor’s degree (table 5.2). 
 
Table 5.2 Highest qualification of participants (n = 6) 
Highest qualification No. of participants 
BTech/Honours degree 1 (17%) 
Master’s degree 4 (66%) 
Doctoral degree 1 (17%) 
Other 0 (0%) 
Total 6 (100%) 
 
5.2.2 SUS results 
As described in chapter 3, the data analysis for the quantitative evaluation of the 
artefact adhered to the guidelines for the use of the SUS. The SUS yields a single 
number representing a composite measure of the overall usability of the system being 
studied. The scores for individual items are not meaningful on their own (Usability.gov, 
2018). The scores for each participant were calculated as shown in table 5.3. 
















As indicated in chapter 3, a SUS score above 68 is considered to be above average 
and therefore an indication of good usability. In the current study the average score 
was shown to be 70.1, which means the designed artefact has good usability 
prospects. However, to derive the full meaning of the scores (since they are not a 
percentage even thoug they range from 0-100), they need to be normalized to a 
percentage. The normalizing process takes raw SUS scores and generates percentile 
ranks and letter-grades (from A+ to F) (Sauro, 2018). Figure 5.2 is used to 
demonstrate the percentile ranks associated with SUS scores and letter grades. 
 
Figure 5.2 Association of percentile ranks with SUS scores (Sauro, 2018). 
The current study with a SUS score of 70.1 has an associated percentile score of 55-
58% which is closer to a letter-grade of a “B”. The SUS score of 70.1 therefore means 
the artefact has a higher perceived usability than 55-58% of all products tested using 
the SUS. This can be deemed to be of significance and it can be concluded that the 
artefact has a good usability but needs to be improved. 
The following were noted regarding the usability data when considered in the light of 
the demographic data: 
 Four participants (66%) had scores above 68 and 2 (34%) had scores that were 
well below 68.  
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 The 4 participants who had scores above 68 all had a master’s degree. Of the 
2 participants with scores below 68, 1 had a bachelor’s degree and the other 
had a doctoral degree. The qualification therefore did not have an influence on 
the experience with the usability of the artefact. 
 The age of the participants did not seem to have any influence on how they 
experienced the usability of the artefact. Of the two participants with lower than 
68 scores, one was 29 years old whil the other is 57 years old. The participants 
who had scores above 68, had age an age range of 37 – 56 years (mean age 
= 44 years). 
 Both participants who had scores below 68 had no experience in the use of any 
radiography software package. This led to most of their selection of scores 
being neutral. This is important to note, as during the actual testing, there was 
very little explanation of how the artefact functions and the participants had to 
learn the artefact as they used it. Lack of previous experience with the use of 
radiography related software therefore had a significant contribution in terms of 
how the participants experienced the usability of the artefact, i.e. participants 
with no previous experience of the use of radiography related software had 
lower SUS scores. Among the comments made by the participants who had 
scores below 68 were the following: 
o “I found that the system could need a guide in order for the user to 
understand. I was a bit confused at times.”  
o “Well, difficult to comprehend full functionality as some buttons/functions 
not yet working – same comment applies to integration question.” 
The above two comments are noted while considering that when the artefact is fully 
implemented, students will receive a manual that will guide them in terms of how to 
navigate around the artefact. Also, the usability was tested while acknowledging that 
the artefact still needs fine tuning before it can be implemented widely. 
The participants made several comments (in addition to the two highlighted above) 







 “I think this can work beautifully as a blended strategy where it is part of the 
battery of approaches – especially the function where students can be off-
campus and request the facilitators help.” 
 “I would be very excited to use this as a scaffolding strategy in simulation 
education.” 
 “I think it is simple enough to use and I love the ‘home’ button if the user needs 
an easy way to go back.” 
 “I enjoyed using the artefact, I did not require too much time to understand how 
the artefact works, however, I do feel that using the artefact’s different functions 
will take some time to understand especially how the different filtering may 
enhance the image or be beneficial to pattern recognition. But this will come 
with use and practice using the artefact.” 
 “Well done!” 
 
Negative comments 
 “The drawings of the arrows and circles were not user friendly.” 
 
Suggestions/questions for future improvements 
 “Can students also discuss among themselves if they are in different locations?” 
 “I would like a measurement tool function.” 
 “I just found that if the screen is bigger it would be easier to use” (NB: Usability 
testing was done using a standard laptop; hence this suggestion of the need to 
use a  bigger screen) 
These comments by the participants are useful as they highlight what worked well, 
what the challenges were and what could be done in future to enhance the artefact 




5.3 QUALITATIVE EVALUATION 
The qualitative evaluation approach that was used is described in chapter 3. For ease 
of reference, the framework for the evaluation is presented again in figure 5.3 below.  
 
Figure 5.3 Hierarchy of criteria for IS artefact evaluation (Prat et al., 2014) 
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The evaluation below is based on each of the related criteria and sub-criteria 
presented in figure 5.3. Since the above model is a combination of recommendations 
by several authors with some exploring similar aspects, some criteria will not be 
explored or will be only briefly explored. In some cases, the criteria also appear in 
more than one system dimension and as such may not be explored in all criteria in the 
narrative below; for instance the consistency criterion appears in the environment, 
structure and activity dimensions. This approach is in line with the general approaches 
to evaluation in DSR as highlighted by Prat et al. (2014), who conclude that the 
majority of assessed criteria are from the goal and environment dimensions. These 
authors argue that this could be due to the fact that the important criteria such as 
efficacy and utility are located within these dimensions. The evaluation below thus has 
a strong focus on the goal and environment dimensions, while others will be only briefly 
covered. 
 
5.3.1 System dimension: Goal 
Prat et al. (2014) state that the goal dimension is characterised by efficacy, validity 
and generality. In order to have a clear grasp of the goal dimension, a reflection on 
the questions that informed this study is useful. The questions, which were presented 
in chapter 1 and which this research sought to answer, were: 
 Can the use of a custom-designed artefact enhance implicit skills of students in 
a radiography training programme in terms of pattern recognition skills? 
 If such a tool is designed, can it provide feedback to students and enhance 
authentic and independent learning by students while still allowing the students 
to pace their learning? 
 Can such an artefact be adapted for use for multiple systems/regions in the 
body? 
The goal of this study was therefore to ensure that these questions were answered 
and the aim and objectives of the study were set to guide the study. As shown in 
chapter 4, the artefact was designed, but the attainment of the goal needs to be 
considered in the light of criteria characterising the goal dimension. The evaluation of 
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the goal dimension will be absolute (whether the artefact achieves its goal) without 
comparing it to others, since there are no known similar artefacts designed within the 
same environment with similar goals. 
 
5.3.1.1 Criterion: Efficacy 
Efficacy is the ability to achieve the desired goal or intent. In DSR, it is the degree to 
which the artefact achieves its goal (Prat et al., 2014). For the current research, it can 
be stated that efficacy was partially achieved with the design of the artefact as it was 
designed to: 
 Provide feedback to students;  
 Enhance authentic learning; and 
 Enhance independent learning by students while allowing them to pace their 
learning.  
However, due to the limitation that the artefact could not be implemented for testing 
among students within the current study period, the efficacy with regard to enhancing 
the implicit skills of students in a radiography training programme in terms of pattern 
recognition skills cannot be corroborated. 
 
5.3.1.2 Criterion: Validity 
Validity has to be considered within the context of the DSR paradigm. Prat et al. (2014) 
define validity as the degree to which the artefact works correctly and achieves its 
goal. An alternative definition provided by Gilliland (2014:108) is that validity is a 
measure of whether research findings present a true and trusted view of research 
events. In the context of the current study, the artefact was found to have certain 
aspects that prevented it from working correctly; however, the findings are considered 
to present a true and trusted view of research events. This view is in line with Järvinen 
(2007:1392) who, as indicated in chapter 3, asserts that it is important to understand 
why an artefact works or does not work to support new artefacts to be constructed, 
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and if it does not work it is still mentioned accordingly and its research contribution is 
highlighted.  
At the termination of the current project, the following aspects were identified as 
limiting the testing of the artefact among students, who will be the ultimate end users, 
and as needing further attention: 
 The sequencing of the images within the tutorials does not allow students to 
progress chronologically in the tutorial. As they progress with the tutorial, a 
message comes up indicating that there are no more images to practise on, 
even though there are in fact images available. This can be solved by ensuring 
that the images are accurately linked to the tutorials. 
 The tutorials are supposed to be set up in such a way that the students can 
have more than one attempt at the same tutorial. However, it does not allow 
them a second attempt. At the top of the screen it indicates that the students 
must obtain 85% for one attempt and 50% for two attempts. 
 The artefact is designed to be able to give a list of outcomes to the students, 
but the instructor is not able to insert these outcomes. On the students’ portal, 
the students can see a blank platform for the outcomes list. 
 Some icons, e.g. DIAG icon, do not give an explanation of the function when 
hovering on it. The users may therefore not be able to understand what the 
function of that particular icon is (i.e. to draw a diagonal line). 
 Some icons, e.g. the outliner, text on image and geometry data icons, do not 
do what they are supposed to do. When applied, they give an error message.  
 The editing of questions function is not set up adequately. For example, Tutorial 
2 has 10 questions but when editing the tutorial answers it only gives 8 options. 
It does not give the questions related to ID 2. The problem seems to be that 
when test questions are added for tutorials that have images, the unit has 
to be chosen and it is impossible to choose units 1 and 2. 
 The artefact also does not permit the simultaneous importing of multiple 
students from an Excel file into the artefact. If there is a large group of students, 
it will be time consuming to enter one student at a time. The instructor portal 
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has the following options that the instructor should be able to use to enter the 
students, but only the first one works: 
o Single entry; 
o Multiple entry via text; and 
o Multiple entry via external file. 
 
5.3.1.3 Criterion: Generality 
In DSR artefact evaluation, artefact generality refers to goal generality (Prat et al., 
2014). As revealed in chapter 3, the DSR as an approach allows for the generalising 
of the artefact as a context-specific solution while contributing to the existing 
knowledge base (Weber, 2012). Prat et al. (2014) stress that when the artefact 
addresses a broad goal, it is considered to have a higher degree of generality, i.e. the 
broader the goal addressed by the artefact, the more general the artefact. In the 
context of the current study, the artefact is contributing to the knowledge base and has 
generated new information, but in its current state, it is limited to one anatomical area. 
The principles of design that were adopted can be applied to other anatomical areas. 
It can therefore be said that the artefact addresses a broad goal and thus can be 
generalised for development to be used in other anatomical areas. The artefact in the 
current study therefore has good generality. 
 
5.3.2 System dimension: Environment  
The environment dimension is what other authors refer to as external consistency. 
Prat et al. (2014) state that the environment evaluation dimension criterion is about 
verifying the consistency of the designed artefact with people, organisation and 
technology. Vaishnavi and Kuechler (2004) classify the environment in terms of an 
inner and an outer environment, while highlighting that in order to meet the desired 
goals, the interface between the two is critical. The inner environment has to do with 
components that make up the artefact (the organisation of the components), whereas 
the outer environment has to do with the external forces and effects that have an 
influence on the artefact. As shown in the quantitative evaluation section, the 
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participants mainly had a positive experience with the artefact, which demonstrates 
good consistency with the people and the organisation.  
 
5.3.2.1 Criterion: Consistency with people 
The consistency with people criterion has several sub-criteria that need to be 
considered when evaluating the artefact (Prat et al., 2014). Järvinen (2007:1389) 
states that the goal of DSR is utility, and Vaishnavi and Kuechler (2004) assert that 
DSR has a focus on (situated) utility in contrast to natural science which traditionally 
focuses on truth. Prat et al. (2014) highlight that utility measures the quality of the 
artefact in practical use. When the SUS was used, the artefact was found to have good 
consistency with people as they expressed a positive experience with the artefact. 
However, since the evaluation was not done among the students due to it not being 
ready for wider implementation, the utility criterion could not be scrupulously 
evaluated. Understandability of the artefact, which has to do with ease of use, is the 
other sub-criterion for consistency with people, which must be evaluated (Prat et al., 
2014). The results of the SUS evaluation demonstrate that the tool had an above 
average score, indicating consistency with people. 
Ethicality, which relates to people, is another sub-criterion to be considered. Ethicality 
can be defined as “being in accordance with the rules or standards for right conduct 
or practice, especially the standards of a profession” 
(http://www.dictionary.com/browse/ethicality). The artefact was designed within ethical 
confines since the study had the necessary ethics clearance and the artefact had no 
perceived ethical issues.  
The other sub-criterion to be considered for consistency with people is the side 
effects, which have to do with secondary undesirable effects. In the current study, 
there are no perceived side effects of the artefact. 
 
5.3.2.2 Criterion: Consistency with the organisation 
Consistency with the organisation has to do with the alignment of the artefact with the 
organisational environment (Prat et al., 2014). In the current study, it was stated in 
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chapter 2 (see section 2.3.3) that the institutional environment (external environment 
in the context of the environment dimension) is important to consider when designing 
an artefact. The environment in which the study was undertaken (UJ) has a strategic 
drive towards the use of TELTA and recently acknowledged the Fourth Industrial 
Revolution (Industry 4.0) to drive the university’s strategy and place it among the top 
universities of the world. Among its strategic drives in LTA, UJ consequently has to 
strengthen the use of technology in the classroom. 
The design of the artefact is therefore consistent with the organisation as it seeks to 
contribute positively to the strategic drives of the organisation. The use of the artefact 
is supported by the infrastructure and the literacy of the staff and students with regard 
to the use of technology. This is an important aspect since the artefact works on the 
Microsoft SQL server which requires licensing. The artefact was designed and tested 
because the necessary support for licensing and other support in terms of the 
institutional infrastructure did exist. 
 
5.3.2.3 Criterion: Consistency with technology 
Prat et al. (2014) are of the view that the consistency with technology criterion has to 
do with harnessing recent technologies. In the current study the design of the artefact 
was in itself about enhancing new technology as there is no similar technology used 
within the primary environment where the artefact will be implemented. The 
institutional environment was critical as the artefact depends on being used within the 
institutional infrastructure, which requires the provision and availability of the correct 
licensing of the software database. The institutional infrastructure supports the use of 
Microsoft SQL, which supports the database for the software, and has the necessary 
licensing.  
 
5.3.3 System dimension: Structure 
As shown in figure 5.3, Prat et al. (2014) present the aspects that are evaluated in the 




5.3.3.1 Criterion: Completeness 
According to Assefa (2014), a design artefact is complete and effective when it 
satisfies the requirements and constraints of the problem it was meant to solve. 
Completeness thus has to do with the artefact being designed adequately to address 
the problem/gap that it was designed to resolve. The artefact that was designed in the 
current study demonstrates completeness as it satisfies most of the requirements and 
constraints as prescribed by the SRS document (refer to table 4.3).  
 
5.3.3.2 Criterion: Simplicity  
Simplicity has to do with the style for constructs. This is in keeping with the definition 
of simplicity, which is the state, quality, or an instance of being simple 
(http://www.dictionary.com/browse/simplicity). Aier and Fischer (2011:33) highlight 
that design theories should be simple in order to be easily understandable and 
manageable. In the current study, the artefact was designed to be simple to 
understand and use even in the absence of guidance by the designer or instructor. 
This was also evidenced by the results of the SUS test which had a usability score of 
70.1 (above average), even though the participants were not given extensive guidance 
on how the artefact works.  
Examples of the features that demonstrate the simplicity of the artefact are the 
following:  
 When the user launches tutorial 1, the first screen that appears gives them 
the option to familiarise themselves with a variety of buttons that are useful 
during the review of the image. If the user hovers the mouse over a particular 
button/tool, it gives a description of the function of that button/tool. 
 The patient history or hints that might be useful during the review of the 
image are provided.  
 The user can apply image processing buttons to get the desired appearance 
of the image and the drawing tools that are used for drawing and erasing 




5.3.3.3 Criterion: Homomorphism  
Homomorphism refers to construct overload, redundancy, excess and deficit. It is also 
the “correspondence of a model with another model, or the fidelity of a model to 
modelled phenomena” (Prat et al., 2014). This sub-criterion is not evaluated in the 
current study since, as indicated in chapter 3, the study focused on designing the 
artefact as a tailor-made solution within a context, without comparing to other similar 
environments or software since there are no known similar artefacts designed within 
the same environment with similar goals. 
 
5.3.3.4 Criterion: Consistency 
Consistency in this context refers to internal consistency.  Aier and Fischer (2011:33) 
assert that in the context of DSR, “each element of a design theory should be 
consistent with itself”. A consistent system of constructs is the common basis for all 
design theory elements and thus there should be adequate definition of all constructs 
used within the design. In the current study this was ensured through the use of 
consistent terminology and definition of all the relevant design terminologies. This was 
important since the DSR approach is not commonly used in the radiography or medical 
field. 
In the current study, evaluation did not include clarity, style and level of detail criteria 
which are considered part of the structure dimension. 
 
5.3.4 System dimension: Activity 
The activity dimension has to do with completeness, consistency, accuracy, 
performance and efficiency (Prat et al., 2014).  
 
5.3.4.1 Criterion: Completeness 
The criterion of completeness has been covered already under the structure 
dimension. There it was indicated that the artefact demonstrates completeness as it 
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satisfies most of the requirements and constraints as prescribed by the SRS document 
(see table 4.3). The functionality aspect is therefore satisfied.  
 
5.3.4.2 Criterion: Accuracy 
Aier and Fischer (2011:33) explain that accuracy has to do with the utility of the 
artefact, i.e. ability of the artefact to fulfil its purpose. In the current study, since the 
artefact is not yet implementable to be used widely, the accuracy criterion has not 
been fully satisfied.  
 
5.3.4.3 Criterion: Performance 
The performance of the artefact is another criterion that needs to be evaluated. 
Performance can be defined as the manner in which or the efficiency with which 
something reacts or fulfils an intended purpose 
(http://www.dictionary.com/browse/performance). By this definition, it is evident that 
performance is closely linked to accuracy. As was the case with accuracy, the 
performance sub-criterion was not fully satisfied since the artefact is not yet fully 
implementable. 
 
5.3.4.4 Criterion: Efficiency 
The other important criterion for the activity criteria is efficiency. Efficiency can be 
defined as the state or quality of being efficient, or able to accomplish something with 
the least waste of time and effort; competency in performance 
(http://www.dictionary.com/browse/efficiency). This is in line with the definition in the 
context of DSR where efficiency expresses the ratio between the outputs and inputs 
of the activity (Prat et al., 2014). In the current study, efficiency was a challenge to 
evaluate because the main input was not in terms of tangible resources, but rather on 
the time spent by the artefact designer to design the artefact. The time spent needs to 
be quantified as a cost factor. However, the design of the artefact was undertaken by 
two software designers who offered their services at no cost. In addition, because the 
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design process was done as an additional activity to their normal day jobs, it was a 
challenge to quantify the amount of time. In terms of the other resources, since the 
artefact functions on an existing platform, the SQL server, the design did not require 
extensive and costly input. The design of this software can therefore be considered to 
be very efficient as it required minimum input, and future developments or 
enhancements of the artefact will not require any significant input. The design of this 
artefact (output) was achieved with minimal input.  
The activity dimension was therefore partially satisfied. 
 
5.3.5 System dimension: Evolution 
The evolution dimension has two criteria: robustness and the learning capability, and 
these were challenging to evaluate in the current study because the artefact has not 
been fully implemented.  
 
5.3.5.1 Criterion: Robustness 
Robustness can be defined as the quality of being strong and effective in all or most 
situations and conditions (http://www.dictionary.com/browse/robustness). The 
definition provided by Prat et al. (2014) is in line with this definition and they define 
robustness as the ability to respond to fluctuations of the environment. The robustness 
of the artefact designed in the current study cannot be fully evaluated until it has been 
tested in full. However, it is expected to display good robustness due to the nature of 
the inputs and outputs. In addition, the artefact is not expected to be exposed to 
varying conditions as it will be used on desktop computers and laptops that should be 
able to work as long as they support the use of the SQL database. 
 
5.3.5.2 Criterion: Learning capability 
The last criterion is the learning capability which has to do with the capacity of a system 
to learn from its experience and the reactions of the environment (Prat et al., 2014). 
The learning capability, just like robustness, cannot be evaluated in the current study.  
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5.4 SUMMARY OF VARIABLES AND VALUES EVALUATED 
The above evaluation had to address specific variables and values that are critical for 
consideration in DSR artefacts. The summary below is based on the framework 
proposed by Cleven et al. (2009) as a support for the evaluation approaches. It is 
presented here in order to recapitulate and underscore the structural adequacy of the 
above evaluation. The summary is based on figure 5.4 below which has been adapted 






Approach Qualitative Quantitative 
Artefact focus Technical Organisational Strategic 
Artefact type Construct Model Method Instantiation Theory 
Epistemology Positivism Interpretivism 






Action research Case study Field experiment Formal proofs 
Controlled experiment Prototype Survey 
Object Artefact Artefact construction 
Ontology Realism Nominalism 
Perspective Economic Deployment Engineering Epistemological 
Position Externally Internally 
Reference point Artefact against research gap Artefact against real world 
Research gap against real 
world 
Time Ex ante Ex post 
 
Figure 5.4 Variables and values for the evaluation of DSR artefacts (Cleven et al., 
2009) 
The areas highlighted in green in the above figure indicate the approach that was 
applied in the current study. Below is the description of each of the variables and 
values that were used.  
 
5.4.1 Approach 
Cleven et al. (2009) indicate that the evaluation approach represents the way in which 
characteristics of the evaluation object are assessed. As indicated in chapter 3 and in 
the introduction of this chapter, the evaluation adopted in the current study was a 
combination of quantitative and qualitative approaches. Cleven et al. (2009) 
emphasise that if the evaluation approach is qualitative, it is based on the value basis 
which emphasises the description and understanding of the situation behind the 




5.4.2 Artefact focus 
The purpose of this variable is to consider the artefact’s intended context of use rather 
than the development context (Cleven et al., 2009). This in line with the assertion made 
by Vaishnavi and Kuechler (2004) that DSR has a traditional focus on (situated) utility 
in contrast to natural science which has a traditional focus on truth. However, it has to 
be considered in context that the focus is not only on the utility but also on 
understanding why an artefact works or does not work (Järvinen, 2007:1392) while 
noting the importance of the research contribution. 
Due to the nature of the artefact designed, it had to be assessed for the technical 
context as it was focused on designing software. However, it also had to be assessed 
for the strategic context, as highlighted above in the evaluation and also in chapter 1. 
UJ has a strategic drive towards the use of TELTA while it has recently acknowledged 
Industry 4.0 to drive the university’s strategy. The artefact was therefore aligned with 
the strategic drives of the organisation. 
 
5.4.3 Artefact type 
Artefacts can be classified into several categories including constructs, models, 
methods, theories and instantiations (Vaishnavi & Kuechler, 2004; Cleven et al., 2009; 
Prat et al., 2014). Vaishnavi and Kuechler (2004) add that there is generally a lack of 
unanimity with regard to the desired outputs of DSR. In the current study, the 
evaluation was that of an instantiation since it was based on the realisation of the 
construct and model. The instantiation is the realisation of an artefact in an 
environment and demonstrates the feasibility of the utility of the artefact (Vaishnavi & 
Kuechler, 2004; Cleven et al., 2009). 
 
5.4.4 Epistemology 
Within epistemology, there are two extreme positions, i.e. positivism and 
interpretivism. The DSR generally combines the positivist and interpretivist paradigms 
(Vaishnavi & Kuechler, 2004). The evaluation in the current study was therefore based 
on both the positivist and interpretivist stance since, apart from knowing through 
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making, it used both quantitative and qualitative approaches in evaluating the artefact. 
Qualitative research is often associated with interpretivism. Cleven et al. (2009) 
conclude that in the interpretivist stance, the results of an artefact evaluation depend 
on the individual characteristic of the evaluating subject. It was for this reason that the 
quantitative evaluation (positivist approach) was included in order to complement the 
qualitative evaluation and curtail the possibility of bias since the qualitative evaluation 
was done by the researcher. 
 
5.4.5 Function 
Cleven et al. (2009) postulate that function can be divided into knowledge function, 
controlling function, development function and legitimisation function. As evaluated 
under the activity dimension (completeness criterion) and within the structure 
dimension, it was concluded that the artefact demonstrated completeness, and hence 
good functionality. In the context of the current study, the evaluation adopted the 
development function which, according to Cleven et al. (2009), is based on the insights 
won by the control and the knowledge function. 
 
5.4.6 Method 
There are different methods for evaluating DSR-designed artefacts and Cleven et al. 
(2009) list these methods as action research, case study, field experiment, formal 
proofs, controlled experiment, prototype and survey. Since the evaluation in the 
current study was both quantitative and qualitative, it fit in with the action research and 
survey approaches. The action research approach is a qualitative research approach, 




The evaluation approach with regard to the object of evaluation is either the evaluation 
of the artefact itself or of the artefact design process (Cleven et al., 2009). Prat et al. 
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(2014) assert that the object of evaluation is the artefact, considered as a system. In 
the current study, the evaluation focused on the artefact itself rather the process of 
design. As shown in the evaluation above, the object of evaluation had more focus on 
the utility of the artefact.  
 
5.4.8 Ontology 
Cleven et al. (2009) consider ontology to be the philosophy of science that deals with 
the essence of being and the basic structure of reality. They therefore assert that, with 
regard to evaluation, ontology can take the stance of realism or nominalism. In the 
current study, the approach was therefore that of realism since it corroborated the 
description of realism which asserts that realism is the tendency to view or represent 
things as they really are with a belief that objects are real 
(http://www.differencebetween.info/difference-between-nominalism-and-realism).  
Since this the evaluation was based on a combination of the quantitative and 
qualitative approaches, it allowed the representation of the artefact in its real current 
form, which matches well with the concept of ontology, i.e. what is real and not.  
 
5.4.9 Perspective 
Perspective is defined as the faculty of seeing all the relevant data in a meaningful 
relationship (http://www.dictionary.com/browse/perspective). Cleven et al. (2009) list 
four different types of perspectives for the evaluation of an artefact: economic, 
deployment, engineering and epistemological perspectives. The current study 
adopted the deployment perspective, which considers comprehensibility and 
acceptance aspects of implementing and using artefacts. The focus of the evaluation 
was on the utility of the artefact, i.e. whether it was deployable in line with the 
objectives of the study. However, since the evaluation also dealt with the 
considerations of development and aspects that still need to be fine-tuned, it had the 






Position has to do with the location of the person/people evaluating the artefact 
regarding its design. The designers of the artefact are considered internal people and 
non-designers are considered external. In the current study, evaluation had both 
internal and external positions since the artefact was evaluated by non-designers 
through the use of the SUS. In addition, it was evaluated by the researcher who was 
involved in designing the artefact.   
 
5.4.11 Reference point 
The evaluation can take any of three reference points, i.e. artefact against research 
gap, artefact against real world and research gap against real world (Cleven et al., 
2009). In the current study, since the design of the artefact was for a specific utility to 
address a specific research gap (as presented in the problem statement), the 
evaluation was an artefact against the research gap.  
 
5.4.12 Time 
Ex post evaluation assesses an instantiation (Prat et al., 2014) and this is in line with 
Cleven et al. (2009), who assert that ex post assesses a chosen system or technology 
after it is acquired or implemented. Ex ante, on the other hand, evaluates the candidate 
system or technology before it is chosen and acquired or implemented. In the current 
study, the evaluation was done before the artefact was implementable on a full scale; 
the evaluation was therefore ex ante.   
 
5.5 SUMMARY 
This chapter focused on the evaluation of the artefact by using a combination of 
quantitative and qualitative approaches. The quantitative evaluation employed the 
SUS test (Usability.gov, 2018). The qualitative evaluation used the model proposed 
by Prat et al. (2014). The variables and values that were evaluated were reflected, 
using the framework proposed by Cleven et al. (2009). The evaluation highlighted that 
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the artefact has been designed adequately to achieve the objectives of the study, but 
it cannot be implemented widely in its current version. Areas that need to be further 
enhanced were also identified during the evaluation.  






RESEARCH OUTCOME AND CONTRIBUTION OF THE RESEARCH 
6.1 INTRODUCTION 
The DSR paradigm seeks to solve real-world problems, while making a theoretical 
contribution in the discipline studied (Weber, 2012). The essence of DSR is utility of 
the designed artefact, but the utility aspect cannot be considered in isolation. As 
highlighted in chapter 3, following the evaluation phase of the DSR process, the 
conclusion phase, which seeks to pronounce on the results, must follow. The aim of 
this chapter is to highlight the contributions of this project in terms of solving an existing 
problem and the theory generation while pronouncing on the results. The chapter 
includes a reflection on the problem statement, research aim and the objectives of the 
study as contained in chapters 1 and 3. It is critical to accentuate what was pointed 
out earlier, that the focus of this project was not about chest pattern recognition, but 
rather about the design of the artefact that can be used for implicit skills development 
and that can be adapted to other anatomical regions. The chapter follows the 




Figure 6.1 Framework of research outcome and contribution chapter 
 
6.2 CRITERIA FOR CONDUCTING DSR 
Dresch et al. (2015:70) highlight the criteria for conducting DSR. As indicated in 
chapter 4, it is imperative that the project meet these criteria for conducting DSR (for 































Figure 6.2 Criteria for conducting DSR (Dresch et al., 2015:70) 
 
The current project satisfied the above criteria as described below. 
 Criterion 1 - design as artefact – the artefact was developed. One of the 
phases of the DSR process was the development of the artefact in line with 
the SRS document. As highlighted in chapter 3, the SRS document contributed 
to the current study as follows (Le Vie, 2010):  
o It provided feedback to the researcher as the client for whom the 
software was designed. 
•Research developed with the DSR method must 
produce viable artefacts in the form of a construct, 
model, method or installation.
1. Design as 
artefact
•The purpose of the design science research is to develop 




•The utility, quality and efficacy of the artefact must be 




•Research conducted by the DSR method must provide 
clear and verifiable contributions in the specific areas of 
the developed artefact and present clear grounding on 




•Research should be based on an application of rigorous 
methods in both the construction and the evaluation of 
artefacts.
5. Research rigor
•The search for an effective artefact requires the use of 
means that are available to achieve the desired 
purposes, while satisfying the laws governing the 
environment in which the problem is being studied.
6. Design as a 
research process
•Research conducted by DSR must be presented to both 
an audience that is more technology-oriented and one 





o It allowed the breakdown of the problem into manageable parts to allow 
for an easy design process.  
o It provided an important input to the design specification. 
o It served as a product validation check. 
o It served as a master document against which the designed tool was 
evaluated since the artefact had to satisfy the specific criteria highlighted 
in the SRS document. 
The SRS document allowed the successful design of the artefact. 
 
 Criterion 2 - problem relevance – the designed artefact was aligned with the 
problem identified. The research problem statement identified a gap in current 
practice of radiography education with regard to the availability of custom-
designed artefacts that can be used for implicit skills reinforcement in 
undergraduate training as an essential driver of the success of competency-
based education, especially within the South African context. The artefact was 
designed to specifically address this gap and hence the design was linked to a 
relevant problem, i.e. the study was aimed at providing a real solution to an 
identified problem. 
 Criterion 3 - design evaluation – this was done using both quantitative and  
qualitative evaluation approaches. The quantitative evaluation approach used 
the SUS test and confirmed the usability of the artefact. The qualitative 
evaluation was guided by the model proposed by Prat et al. (2014). The 
evaluation also included a reflection on the variables and values that were 
evaluated based on the framework proposed by Cleven et al. (2009). The 
artefact was evaluated adequately using suitable evaluation approaches for 
DSR. 
 Criterion 4 - research contribution – the artefact has contributed to the pool 
of research and has the potential to contribute to future research projects. In 
addition, prior to the study being implemented, the necessary approvals had to 
be obtained from the Department of MIRS (location of the primary researcher), 
Faculty Higher Degrees and Academic Ethics Committees, which all had to 
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ensure that the project would make a suitable research contribution at doctoral 
level.  
 Criterion 5 - research rigour – this project was conducted using acceptable 
and rigorous DSR methodology. The project was done in five phases in a 
chronological manner: 
o Awareness of the problem; 
o Suggestion; 
o Development; 
o Evaluation; and 
o Conclusion (the current chapter). 
The study employed different research approaches, including the design and 
qualitative approaches, since it was a DSR paradigm.  
 Criterion 6 - design as a research project – the development results show 
evidence of the use of means that are available to achieve the desired 
purposes, while satisfying the laws governing the environment in which the 
problem was studied. The study considered DSR as both a research approach 
and a research paradigm as highlighted in table 3.1 (chapter 3), with the six 
characteristics of the DSR as a paradigm and an approach (Weber, 2012). In 
addition, the notion that in DSR, as the research project progresses, both the 
ontological and the epistemological viewpoints shift (Vaishnavi & Kuechler, 
2004), was witnessed. For example, the initial plan of the project was to 
evaluate the artefact among students using quantitative approaches, but this 
was reformed and the quantitative evaluation was done using radiography 
educators because the artefact could not be implemented for evaluation among 
the students.   
 Criterion 7 – communication of the research –  this artefact was presented 
at three international congresses which had mixed audiences that included 
educators, radiology and radiography practitioners, clinical managers and 
product development specialists. In addition, these audiences came from 
different parts of the world and this has opened opportunities for international 
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collaboration. For more information on these congresses and other future plans, 
see section 6.6. 
 
6.3 COGNITIVE PROCESSES WITHIN THE RESEARCH  
Following the review of the criteria for conducting DSR research while noting how the 
current study met these criteria, it is imperative to consider the cognitive processes 
(abduction, deduction, reflection and abstraction). Figure 3.2 (chapter 3) highlights the 
location of these cognitive processes within the DSR cycle. 
 
6.3.1 Abduction 
As highlighted in chapter 3, abductive reasoning is a form of logical inference which 
starts with an observation and then seeks to find the simplest and most likely 
explanation of the phenomena (Gilliland, 2014:96). Butte College (2016) agrees, 
stating that abduction is about “taking your best shot” which allows the abductive 
process to be creative, intuitive and even revolutionary. In the context of DSR, the 
abductive process fits into the suggestion phase since it is in this phase that the 
researcher has the opportunity to “take the best shot” by proposing the best possible 
solution to be adopted to solve the identified gap. In the current study, the suggestion 
phase was thus the creative step which allowed the intuition of the researcher to be 
applied.  
 
6.3.2  Deduction 
Deductive reasoning refers to drawing conclusions from premises that necessarily 
follow from such premises (Butte College, 2016). Deductive reasoning is useful in 
operationalising the project product. It therefore allows the researcher to move from a 
general theoretical understanding to a testable hypothesis (Babbie, 2010:48). Butte 
College (2016) contends that deductive reasoning moves from the general rule to the 




In the current study deductive reasoning was used in the development and evaluation 
phases by operationalising the output of the suggestion phase (abduction). It thus 
helped to operationalise the qualitative data and the literature review that was used to 
compile the SRS document and develop the artefact. Following the development of 
the artefact, deductive reasoning was used in the evaluation of the artefact.  
 
6.3.3 Reflection and abstraction 
As indicated in chapter 3, these two cognitive processes fall into the conclusion phase 
of the DSR, i.e. they offer the potential to generate generic knowledge out of the design 
practice. They will therefore be covered below in the  scientific and product contribution 
sections. To reiterate, Gregor et al. (2013:1) define abstraction as the process of 
deriving abstract concepts (e.g. generic features) from observed instances (e.g. 
instances of a class of artefacts). They define reflection as the process of  
contemplating about, and learning from, experiences in the past. 
 
6.4 RESEARCH CONTRIBUTION (SCIENTIFIC AND PRODUCT CONTRIBUTIONS) 
Research contribution refers to the study’s the addition to the body of knowledge, e.g. 
a new discovery, or innovative application of existing knowledge. As revealed in 
chapter 3, the DSR approach by its nature is pragmatic and it is concerned more with 
practical results than with theories and principles.  Further to that, in the DSR context, 
epistemology is knowing through making, implying objectively constrained 
construction within a context whereby iterative circumscription reveals meaning 
(Vaishnavi & Kuechler, 2004). The DSR therefore by its nature has an expectation of 
both scientific and product contribution.  
The research contribution of the current study has to be reflected upon with due 
consideration of the hypotheses that guided the study. The hypotheses were as 
follows:  
 Hypothesis 1: A custom-designed artefact can be designed for teaching 
pattern recognition skills in an undergraduate radiography programme. 
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 Hypothesis 2: A custom-designed artefact will enhance the pattern recognition 
skills (implicit skills) of students in an undergraduate radiography training 
programme. 
 Hypothesis 3: The artefact will allow timeous feedback and communication 
between the students and the instructor. 
 Hypothesis 4: Students will have a positive experience of the use of an artefact 
while achieving better performance and experiencing lower stress levels. 
Vaishnavi and Kuechler (2004) highlight that in contrast to the positivist research 
stance which either confirms or contradicts a hypothesis, in DSR the initial hypothesis 
is rarely completely born out. They argue that the evaluation phase and the additional 
information gained in the construction and running of the artefact could be used for 
further rounds of suggestion and development. 
The artefact that was designed in the current study has both scientific and product 
contribution. The artefact itself is a product (instantiation) as shown in chapter 4 when 
considering the values of the artefact type. It is a product with the specific intent to 
improve the implicit skills of student radiographers in pattern recognition. The artefact 
was designed as an authentic product that can provide feedback and allow 
communication between the students and the instructor.  
The study addressed the gap that exists in the field of radiography with regard to 
artefacts designed specifically for enhancing the implicit skills of student radiographers. 
Importantly, the study was conducted using a research methodology (DSR) that is 
generally used for IS and is seldom used in disciplines such as health sciences. The first 
major contribution of the current study is therefore the pioneering use of this methodology 
in the field of radiography. This is a significant contribution in the light of recent 
developments in radiology where the future is beginning to show that Industry 4.0, 
specifically AI, has a major role to play in the future for LTA and image reporting. Lindner 
(2017) asserts that health care organisations “should be aware of the ongoing digital 
transformation and consider how to translate their business needs into analytics 
approaches and new digitalization strategies”.  
The artefact developed in the current study is an excellent tool to align with the analytics 
approaches and new digitalisation strategies that Lindner (2017) refers to. The scientific 
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contribution of this study will therefore have an impact on the future development of the 
artefacts and similar resources that are aligned with the technological developments in 
radiography, with a specific focus on enhancing the implicit skills of students by using 
TELTA. 
The scientific contribution also relates to the philosophical assumptions of the DSR 
design as accentuated by Vaishnavi and Kuechler (2004) (table 6.1). The DSR design 
perspective column highlights the implied philosophical assumptions for the DSR and 
these were realised in the current study. 
 
Table 6.1 Philosophical assumptions of DSR design (adapted from Vaishnavi & 
Kuechler, 2004) 
Basic belief DSR design perspective 
Ontology: What is real and what is not, 
what is fundamental and what is 
derivative? 
Multiple, contextually situated alternative 
world-states 
Socio-technologically enabled 
Epistemology: On what does 
knowledge depend and how can we be 
certain of what we know? 
Knowing through making: objectively 
constrained construction within a context 
Iterative circumscription reveals meaning 
Methodology Developmental 
Measure artefactual impacts on the 
composite system 
Axiology: What is of value? Control, creation, progress (i.e. 
improvement), understanding 
 
The current study therefore makes a scientific contribution that journeyed through 
these DSR design perspectives. As discussed in chapter 5 with regard to evaluation 
(supported by figure 5.4), the variables and values of the current study concerning the 
design perspective were as follows: 
 Ontology – realism. 
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 Epistemology – interpretivism since a developmentalist paradigm was used 
with a high dependency on the construction and evaluation of the artefact 
(Weber, 2012). 
 Methodology – action research. 
 Axiology – not covered in chapter 5 but has a similar exposition as the 
‘reference point’ which was shown to have the value of an artefact against the 
real world.  
In addition, the above needs to be considered within context in a sense that in DSR, 
both the ontological and the epistemological viewpoints shift as the research 
progresses, as was highlighted in chapter 3 (Vaishnavi & Kuechler, 2004).  
In DSR, though there may still be deviations in the behaviour of the artefact with 
respect to the original hypothetical predicitions, the results may be judged “good 
enough” (Vaishnavi & Kuechler, 2004). The results are considered “good enough” due 
to the knowledged gained and the consolidation of the effort to design the artefact, 
while considering that facts have been learned and can be repeatably applied. In view 
of the hypotheses of the study presented above, the results of the current study may 
be pronounced as ‘good enough’ since hypotheses 1 and 3, which were the crucial 
hypotheses, can be accepted, i.e. the software was successfully designed and it 
allows timeous communication between the lecturer and the students. However, 
during the running of the software, it became evident that hypothesis 2 is a major 
project on its own which should be located outside the current project. The current 
study’s focus was on the development of the artefact. The same could be said for 
hypothesis 4, as it tailors well with hypothesis 2 as part of evaluating the artefact in the 
real world. Hypotheses 2 and 4 are thus not rejected, but in line with the DSR paradigm 
and process, they will be modified for further research. It can be acknowledged here 
that perhaps the initial proposal for the study was over ambitious.  
 
6.5 SIGNIFICANT CONTRIBUTIONS AND RESEARCH IMPACT 
DSR has a focus of addressing real-world problems and thus yielding constructs, 
models, methods and instantiations (Cleven et al., 2009), while developing a 
theoretical contribution to the discipline studied (Weber, 2012). Its contribution is 
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related to it being a solution and contribution to the body of knowledge and research. 
The design of the artefact sought to enhance the use of TELTA in radiography 
education. The study also added value in terms of increased awareness of 
radiographic software design possibilities and will yield further similar projects in 
future.  The other main contribution of this study was a review of the efficacy of the 
training tool developed and the feedback that was provided to the designers about the 
nature of the problems/inefficiencies/educational gaps.  
The use of the DSR paradigm is rare in the radiography profession, and this study is 
one of the pioneering projects to use this paradigm in the profession. With the current 
developments in radiology and radiography where Industry 4.0 promises to be the 
future of both practice and teaching/training, the possibilities for the use of this 
research paradigm are endless.   
By completion of the study, the results had already been presented at the following 
international platforms: 
 The European Congress of Radiology (ECR) 2018 held in Vienna, Austria, 28 
February – 4 March 2018 (oral presentation). It was at this platform that future 
collaborations were established with researchers from Brazil and Italy.  
 The 19th International Society of Radiographers and Radiation Technologists 
(ISRRT) World Congress held in South Korea, Seoul in October 2016 (oral 
presentation). 
 SA 2015 IMAGING CONGRESS hosted by the Radiological Society of South 
Africa (RSSA) and the Society of Radiographers of South Africa (SORSA). The 
presentation was awarded the best oral presentation which came with a prize 
to sponsor a presentation at an international conference. 
In addition to the above, two manuscripts have been compiled. However, the nature 
of the study with its multiple foci (in terms of both the context and the methodology) 
presents a challenge in locating a suitable journal with the relevant scope in which to 
publish. The study’s multiple foci stretch between the domains of radiography 
education, general education, IS, software design, pattern recognition and research 
methodology. The first manuscript was written and submitted to a journal that deals 
mainly with engineering software development and, after a protracted time of 
engagement and review, the editors .ruled that the manuscript was not publishable 
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within that journal. This manuscript will be revised with a view to publishing in a journal 
whose scope will allow its publication. The second manuscript has been written with a 
focus on the suggestion phase of the study; it requires revision before submission to 
a journal to be considered for publication. On termination of the study, a third 
manuscript will be written with a focus on the development and evaluation of the 
artefact. A possible fourth manuscript will be a postdoctoral follow-up that will focus on 
the evaluation of the artefact in the real world, following the fine-tuning of the artefact.  
 
6.6 COLLABORATIONS AND FUTURE PROSPECTS 
This study has provided a platform for collaboration between the FHS and FEBE 
faculties. It is envisaged that this project will be the beginning of other future 
collaborative projects as postdoctoral studies with the establishment of a research 
niche area, i.e. AI or software design in radiography. The researcher plans to enhance 
the software design as part of postdoctoral activities.  
During the presentations at the international congresses reported above, the 
researcher had an opportunity to draw interest from several international partners who 
are willing to engage on similar projects. These engagements will create opportunities 
for international collaborations. In addition, the researcher will seek to collaborate in 
the Industry 4.0 related projects within UJ. 
Future plans include the following: 
 Finalisation of the remainder of the artefact functionalities that will allow it to be 
evaluated in the real world and allow implementation for use in the training of 
students. 
 Consideration of the use of other alternative software design platforms (e.g. 
ImageJ) to allow easy implementation of the artefact and applicability to other 
regions of the body. 
 The enrolment of MTech students to play a part in various sub-projects that will 
seek to enhance the artefact. The enrolment of students will also be a project 




 Collaboration with international partners. At the termination of the current study, 
an engagement was taking place with a researcher from the Instituto Federal 
da Bahia (IFBA) in Brazil who is doing work  on the following areas which fit in 
well with Industry 4.0 and the current developments in radiology: 
o Image quality evaluation (radiography, CT, MRI, fluoroscopy); 
o CT dosimetry; 
o Development of software for management in radiology; 
o 3D printer; and  
o ImageJ. 
 Patenting of the artefact. 
 Revision of the current manuscripts (two) and submitting them to be considered 
for publication and writing of an additional manuscript. 
 The researcher is currently co-supervising a master’s degree student whose 
project is on the use of analytics in radiology with the title “Investigating 
business analytics in radiology practices in Gauteng”. 
 
6.7 REFLECTION ON THE ‘DOCTORALNESS’ OF THE STUDY 
According to the Cambridge Dictionary, “doctoral” relates to the highest-ranking 
degree given by a university 
(https://dictionary.cambridge.org/dictionary/english/doctoral). This matches the South 
African Qualifications Authority (SAQA) description of national qualifications which 
ranks the doctoral qualification as the highest National Qualifications Framework 
(NQF) level (level 10). SAQA (2012) lists the level descriptors that a qualification at 
this level has to meet, which the current project had to satisfy in order to be considered 








Related assessment criteria Critical self-reflection 
I. Scope of 
knowledge 
Demonstrate expertise and critical 
knowledge in an area at the forefront of a 
field, discipline or practice; and to 
conceptualize new research initiatives and 
create new knowledge or practice. 
The current study is the first to 
use DSR methodology and is 
thus considered to be a 
“pioneer project”. The 
knowledge derived from this 
study will be instrumental in 
similar studies in the future. 
The study created new 




Demonstrate the ability to contribute to 
scholarly debates around theories of 
knowledge and processes of knowledge 
production in an area of study or practice. 
The researcher demonstrated 
knowledge literacy and ability 
to engage with knowledge that 
is outside the normal area of 
practice. The knowledge 
literacy demonstrated cuts 
across disciplines of 
radiography, education, 
software design, DSR 
metholdology and aspects 




Demonstrate the ability to develop new 
methods, techniques, processes, systems or 
technologies in original, creative and 
innovative ways appropriate to specialized 
and complex contexts. 
The use of the DSR 
metholodgy allowed the use of 




Demonstrate the ability to apply specialist 
knowledge and theory in critically reflexive, 
creative and novel ways to address complex 
practical and theoretical problems. 
The study was borne out of an 
identified gap in the training of 
radiography students in 
pattern recognition while 
ensuring that a novel approach 
is used to address the 
identified gap. The study was 
limited in that the researcher 
did not have the expertise to 
design the artefact and 
depended on others for this 
aspect. This limited problem 
solving and realization of all 
the hypothesis for the study. 
V. Ethics and 
professiona
l practice 
Demonstrate the ability to identify, address 
and manage emerging ethical issues, and to 
advance processes of ethical decision-
making, including monitoring and evaluation 
of the consequences of these decisions 
where appropriate. 
The study was able to 
effectively manage ethical 
issues at each phase of the 
study, this included both 
qualitiative and quantitative 







Demonstrate the ability to make independent 
judgements about managing incomplete or 
inconsistent information or data in an 
iterative process of analysis and synthesis, 
for the development of significant original 
insights into new, complex and abstract 
ideas, information or issues. 
The study was of such a nature 
that it required consistent new 
learning by the researcher 
since the research 
methodology used has not 
been used in the researcher’s 
discipline / environment. The 
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researcher also had to 
demonstrate great insight 
especially with the evaluation 
of the artefact since it cannot 
be evaluated as originally 
planned. Alternative evaluation 







Demonstrate the ability to produce 
substantial, independent, in-depth and 
publishable work which meets international 
standards, is considered to be new or 
innovative by peers, and makes a significant 
contribution to the discipline, field, or 
practice; and the ability to develop a 
communication strategy to disseminate and 
defend research, strategic and policy 
initiatives and their implementation to 
specialist and non-specialist audiences 
using the full resources of an academic and 
professional or occupational discourse. 
Section 6.6 (Collaboration and 
future projects) above is a 
demonstration that the current 
study produced substantial, 
independent and in-depth work 
of international stature. At the 
conclusion of the study, there 
had been communication of 
the results at the international 
platform and plans are in place 






Demonstrate an understanding of theoretical 
underpinnings in the management of 
complex systems to achieve systemic 
change; and the ability to independently 
design, sustain and manage change within a 
sys-tem or systems. 
The presentation of the 
literature review and the 
evaluation of the artefact 
created a platform for the 
researcher to demonstrate an 
understanding of theoretical 
underpinnings of complex 




Demonstrate the ability to demonstrate 
intellectual independence, research 
leadership and management of research 
and research development in a discipline, 
field or practice. 
The researcher managed own 
learning within discipline and 
the discipline of software 
design. The researcher 
demonstrated intellectual 




Demonstrate the ability to operate 
independently and take full responsibility for 
his or her work. 
The researcher demonstrated 
ability to work independently 
with the support of the 
supervisors. The researcher 
took full control of the study 
with great accountability. 
 
6.8 SUMMARY 
This chapter presented the outcome of the current study and the contributions that it 
made. The study met the criteria for conducting DSR projects according to Dresch et 
al. (2015:70), which include design as artefact, problem relevance, design evaluation, 
research contribution, research rigor, design as a research process and 
communication of the research. There was also an exposition of the cognitive 
processes within the study, including a reflection on the location of these within the 
DSR cycle. The cognitive processes include abduction which was located within the 
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suggestion phase, deduction which was used during the development and evaluation 
phases, and abstraction and reflection which formed part of the conclusion phase of 
the study. The other major aspect covered in this chapter was the research 
contribution in terms of both scientific and product contribution. It was within this review 
that the results of this study were pronounced as ‘good enough’ since hypotheses 1 
and 3, which were the crucial hypotheses, were accepted. It was noted that 
hypotheses 2 and 4 could not be accepted; however, in line with the DSR paradigm, 
they were not rejected but will be modified for further research. 
The chapter also highlighted the collaborations of the project, both current and future. 
Significant contributions and research impact were also highlighted. The following 










This study was guided by the aim, objectives and the research hypotheses as 
highlighted in chapters 1 and 3. The aim of this chapter is, firstly, to summarise and 
reflect on the research as described in the thesis.  Secondly, the limitations of the 
study and recommendations for future research are identified. This chapter is 
presented with the consideration that the research outcome and contribution of the 
research have already been discussed in the previous chapter. Figure 7.1 highlights 
the framework of this chapter. 
 











of  the study
7.5 
Recommendati




7.2 REVISIT OF THE THESIS 
The thesis was undertaken following a planned structure which allowed the project to 
be completed while contributing to scientific research in radiography education.  
The first chapter used literature and the researcher’s experience to give background 
information that led to the research work undertaken. The problem statement and the 
research questions that had to be answered were presented with the aim, objectives 
and the hypotheses that guided the study. In order to lay the foundation for the thesis 
a brief description was given of the research paradigm (DSR) that was employed in 
the study, followed by the description of the study design. The description of the 
research paradigm was important as it is not generally used in radiography research 
but was found to be most suitable for the current study. The main argument of the 
study based on the hypotheses that were formulated was that a custom-designed tool 
can be designed for implicit skills reinforcement (i.e. teaching of pattern recognition 
skills) in an undergraduate radiography programme. 
In order to enhance the contextualisation of the study, the relevant terms were also 
defined.  
The second chapter focused on the theoretical background of the study by means of 
a cohesive account of the literature reviewed that was vital to the study. The recent 
advances in radiography aligned with technology and how these have influenced the 
need for a changing paradigm in radiography education were highlighted. There was 
therefore a need to present the current radiography approaches with a specific focus 
on simulated learning and the use of TELTA. The importance of the pedagogy for the 
use of computers also received attention where blended learning was introduced as 
the concept that supports the use of computers for LTA.  
An argument was made that there is a need to identify the knowledge to be taught with 
technology, including the use of Bloom’s taxonomy and the TPACK model. The 
advantages and disadvantages of custom-designed software as the basis to justify the 
importance of the current study were also identified. Importantly, it was highlighted 
that, even though the chest was chosen as the anatomical area for the design of the 
software, the design was not about this anatomical region. Rather, the design was 
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about the use of custom-designed artefacts for implicit skills enforcement in 
radiography education.  
 
The third chapter focused on the research design and methodology but it started with 
a revisit of the problem statement, research questions, the study aim, objectives and 
hypotheses.  The hypotheses had to be contextualised to the DSR since in the DSR 
paradigm the hypotheses are continuously adjusted during the research process such 
that they represent the result of the entire research and design implementation 
process (Offermann et al., 2009). This was followed by the argument that the DSR can 
be viewed as both a paradigm and an approach and this was supported by the six 
characteristics of the DSR as a paradigm and an approach as advocated for by Weber 
(2012). The research was then contextualised in terms of the epistemology, 
methodology, axiology and ontology. This was significant since the DSR has implicit 
philosophical assumptions which tend to have an alternate view compared to other 
types of research design, as was the case in the current study.   
The research design contains the following phases (Vaishnavi & Kuechler, 2004):   
 Awareness of the problem; 
 Suggestion; 
 Development; 
 Evaluation; and  
 Conclusion. 
The cognitive steps within each of these phases were summarised. Reliability and 
validity, ethical consideration and data analysis were discussed pertaining to the 
current study. 
The fourth, fifth and sixth chapters presented the results of the study using a 
framework (see figure 4.2) that aligned with the five different phases of the study. The 
first three phases were presented in the fourth chapter and the last two phases in the 
fifth chapter. For both these chapters constant reflection on the criteria for conducting 
DSR was undertaken (Dresch et al., 2015:70) (see figure 4.3).  
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The focus of the fourth chapter was on the presentation of the results of the suggestion 
and development phases where the images of the designed artefact were displayed 
to highlight what it was capable of. The qualitative data that was used for the 
suggestion phase was reviewed and it contributed to the SRS document.  
The fifth chapter’s main focus was the evaluation of the artefact by using a combination 
of quantitative and qualitative approaches. The quantitative approach used the SUS 
test as developed by Usability.gov (2018). The qualitative approach used the model 
proposed by Prat et al. (2014) (figure 5.2) and ended with a reflection on the variables 
and values that were evaluated using the framework proposed by Cleven et al. (2009) 
(figure 5.4). The evaluation revealed that the artefact has been designed adequately 
to achieve the objectives of the study.  
The sixth chapter dealt with the research outcome and contribution of the research 
(conclusion phase) which sought to pronounce on the results of the study. This chapter 
started with an emphasis on reflecting on the criteria for conducting DSR (Dresch et 
al., 2015:70) and the argument that the study met the relevant criteria. This was 
followed by the cognitive processes of the study, namely abduction, deduction, 
reflection and abstraction. The research contribution, which has to do with an addition 
to the body of knowledge, e.g. a new discovery, or innovative application of existing 
knowledge, was then presented while reflecting on the hypotheses of the study. The 
philosophical assumptions of the DSR design were reviewed (Vaishnavi & Kuechler, 
2004) (see table 6.1). 
The significant research contributions include the following: 
 Increased awareness of radiographic software design possibilities and 
possibilities of similar projects in future;   
 A review of the efficacy of the training tool developed and the feedback that 
was provided to the designers about the nature of the 
problems/inefficiencies/educational gaps; and 
 The platforms where the results of the study have already been presented 
(three international congresses, with one of the presentations awarded the best 
oral presentation prize). 
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The chapter ended with collaboration and future prospects, and a reflection on the 
doctoralness of the study. The SAQA description for national qualifications, which 
ranks the doctoral qualification as the highest NQF level (level 10), was used.  
 
7.3  REFLECTION ON RESEARCH PARADIGM USED 
This paradigm is not generally used within the discipline where the study was 
undertaken and hence there was a need to collaborate with the FEBE. The 
collaboration was also aligned with the university’s strategic objective of excellence 
in research and innovation. This strategy seeks, among other things, to have 
enhanced collaborations leading to increased research outputs. This study is 
perceived to be the pioneer of many projects that will be conducted in future in 
collaboration with the university and other international partners. There is also an 
expectation that research contributions of this study will contribute towards the 
university’s future Industry 4.0 projects. In addition (as highlighted in the previous 
chapter, section 6.4), the current study contributes significantly to the scientific 
knowledge on research methodology since the DSR paradigm is seldom used in the 
radiography discipline, and there is no available data for its use in the South African 
context. This novel use of the DSR paradigm may inspire novice researchers to use it 
in future studies.  
The study was designed with the intention to produce an output in the form of a 
context-relevant artefact that can be used for implicit skills enforcement in line with the 
use of TELTA. This was achieved by the use of the DSR paradigm/approach which is 
generally used in IS and also in engineering and computer science for the design of 
novel or innovative artefacts and the analysis of the use and/or performance of such 
artefacts (Vaishnavi & Kuechler, 2004). The DSR paradigm was found suitable to 
achieve the desired output.  
The study had to satisfy criteria for conducting DSR while considering the 
characteristics of the DSR paradigm. In chapter 3, a discussion was given of DSR as 
both a paradigm and approach based on the work by Weber (2012) (see table 3.1). 
Table 7.1 is revised to highlight how each of the paradigm aspects was addressed 
within the current study. 
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Table 7.1 Six characteristics of DSR as a paradigm and how these were addressed in 
the study (adapted from Weber, 2012) 
DSR as a paradigm How it was addressed in the study 
1. Both a process of developing new 
solutions to existing problems and 
matching existing solutions to new 
problems. 
The study developed a solution that addressed the absence of 
context-related artefacts that can be used for implicit skills 
reinforcement. Simultaneously, the design was aligned with 
the current trends of radiography education and the use of 
TELTA. The designed artefact and the scientific knowledge 
base will contribute to future engagements with the Industry 
4.0 projects and advancements of TELTA. 
2. DSR speaks to IS design theory 
components and thereby forms a 
conceptual framework for the 
organised study of the world. 
The current study was not necessarily IS based, but the 
conceptual framework for the general methodology of DSR as 
presented by Vaishnavi and Kuechler (2004) was used. This 
framework allowed the study to be conducted in an organised 
manner with measurable results. The results of the study will 
in themselves be a conceptual framework that will be used for 
future studies to develop artefacts for use in other anatomical 
regions. 
3. The design process of DSR is divided 
into the building and evaluation of the 
IT artefact. Thereby, a feedback loop 
ensures refinement of the design 
process. Moreover, the IT artefact is 
not naturally occurring and is always 
embedded in some place, time and 
community. 
The study was designed to have different phases that were 
sequential and each phase allowed a reflection or feedback 
into the previous phase. For example, the evaluation phase 
reflected on the development phase. The study therefore 
aligned with the nature of DSR. This is characterised by the 
feedback loop that ensures the refinement of the design 
process while aligning with the epistemological and ontological 
viewpoints of DSR, i.e. knowing through making.  
4. The evaluation part can be 
conducted in a technical, interpretive, 
or positivistic manner and thereby 
combines the advantages of different 
paradigms. 
In the current study the evaluation was done using a 
combination of the positivist and interpretive approaches. In 
addition, the research process itself had elements of both 
qualitative and quantitative approaches as highlighted in 
research design (chapter 3). 
5. DSR depicts a further paradigm that 
exists in harmony with the others. In 
this developmentalist paradigm, a 
heavy responsibility lies on the 
construction and evaluation of 
technology. 
The core of the current study was the development and 
evaluation of an artefact to address a real-life problem. The 
use of the interpretivist paradigm during the suggestion and 
evaluation phases was evidence of the harmony with the 
design paradigm which was instrumental in the development 
phase. 
6. Research is represented by its 
objectives and methods, whereby the 
objectives require a multi-
methodological approach to integrate 
theory building and system 
development. 
The study was guided by the research aim, objectives (four) 
and the hypotheses. The methodological approach used was 
to ensure that the objectives of the study were adequately 
addressed. 
 
In addition, the criteria for conducting DSR as advocated for by Dresch et al. (2015:70) 
were reflected upon in the previous chapter (see section 6.2). In summary, the criteria 
were met as follows: 
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 Criterion 1 - design as artefact – the artefact was developed.  
 Criterion 2 - problem relevance – the designed artefact was aligned with the 
problem identified.  
 Criterion 3 - design evaluation – this was achieved through the use of 
quantitative and qualitative evaluation approaches. 
 Criterion 4 - research contribution – the artefact contributed to the pool of 
research and has the potential to contribute to future research projects.  
 Criterion 5 - research rigour – this project was conducted using an acceptable 
and rigorous DSR methodology.  
 Criterion 6 - design as a research project – the development results show 
evidence of the use of means that are available to achieve the desired 
purposes, while satisfying the laws governing the environment in which the 
problem was studied.  
 Criterion 7 – communication of the research – the design of the artefact has 
been presented at three international congresses and future dissemination of 
results in the form of articles is planned.  
The research paradigm of DSR, where phases of awareness of the problem, 
suggestion, development, evaluation and conclusion guided the research, was found 
to be an appropriate and successful strategy for the current study.  
 
7.4 LIMITATIONS OF THE STUDY 
The current study was conducted as a requirement for a doctoral qualification 
registered with UJ. The study had to be conducted within the confines of the university 
policies and guidelines. There was also consideration of the DSR paradigm whose 
ontological and epistemological viewpoints shift as the research progresses 
(Vaishnavi & Kuechler, 2004). The study, just as it is true for most academic projects, 





The period given for the completion of the doctoral projects in the institution where the 
researcher is registered is a maximum of five years. The study had to be conducted 
within this period, which limited the flexibility of the progression of the study as specific 
time frames had to be met. The researcher first registered in 2013 and should have 
completed the study by the end of 2017 but applied for extension of the study to 
complete by the end of 2018.  
 
7.4.2  Non-availability of dedicated software designers 
The second limitation was the non-availability of dedicated software designers within 
the faculties that collaborated. A software designer who was himself was an honour’s 
degree student had to be employed for the design of the software. However, as time 
progressed he could not commit to the project and an alternative designer had to be 
sought. The software designer that was eventually sourced to assist with the latter part 
of the study also had limitations due to his employment requirements in the corporate 
world. This situation led to an extensive delay in the development of the artefact; it 
took about 24 months, leading to the delay in the completion of the study.  
 
7.4.3 Software design skills of the principal researcher 
If the principal researcher had had the necessary software design skills, it would have 
alleviated the above limitation as he was more dedicated to the project in line with his 
studies. 
 
7.4.4  Readiness of the artefact for evaluation in the real world 
The other major limitation is the fact that the artefact was not ready (within the period 
of the study) for evaluation in the real world. However, the approaches used to 
evaluate the artefact were sufficient to pronounce on the utility of the artefact.  
181 
 
In the midst of the above limitations, the study was still a major success, contributing 
to radiography education, scientific research and technology development. 
 
7.5 RECOMMENDATIONS FOR FUTURE RESEARCH 
The first recommendation is to ensure that the artefact is fully developed for real-world 
evaluation, followed by implementation for use in the teaching of students. This 
requires the sourcing of a software designer who will ensure that the software is ready 
for use in the real world.  
The second recommendation is that, in order to enhance the use of TELTA with 
context developed artefacts, user-friendly software development platforms, such as 
ImageJ, be considered. The current platform (SQL server express) requires users to 
be trained in software development. In addition, the licensing of the SQL server could 
be cumbersome and limit quick and efficient wider implementation of the software. 
The third recommendation is collaboration for future research with other 
faculties/researchers that are doing work on software development, especially related 
to Industry 4.0. UJ recently recognised Industry 4.0 as the key driver for its strategy 
and there are teams already engaging around this strategy drive. This is an opportunity 
to engage in further research.  
For other collaboration and future prospects, see chapter 6 (section 6.6). 
This study has addressed an important gap in radiography education in the South 
African context and has paved the way for the establishment of similar projects in 
future and for international collaborated projects. The journey through this study 
resonates with the words of Lailah Gifty Akita - “The pursuit of PhD is enduring 
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 Annexure A – System Usability Scale Questionnaire 
System usability evaluation 
Project Title:  Computer-aided detection tool design for chest pattern  
recognition training of radiographers 
Instructions:  
 After logging in, take some time to play with some buttons / functions on the CAD tool 
and answer the questions that follow.  
 Complete this questionnaire by making a tick  in the relevant box.  
 Where indicated you may provide further comments or write in your response.  
 
Section One: Demographic and general Information. 
1.1  State your age in years: 42, 56, 37, 41, 57, 29……………. 
 
1.2  Do you have any experience with the use of any Radiography software for enhancing 
pattern recognition skills of students? 
1. Yes XXX 
2. No XXX 
3. Unsure  
 
1.3   How many years of experience do you have as a Radiography Educator? 
     1.    1 -  5 years XX 
      2.   6 – 10 years  
      3.   11 – 15 years XXX 
4. 16 – 20 years  
5. > 20 years X 
 
1.4  Indicate your highest qualification? 
     1.    B. Tech / Honours Degree. X 
      2.   Masters Degree XXXX 
      3.   Doctoral Degree X 
4. Other (specify)…………………………….  
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Section Two:  System Usability Scale 
          





































1. I think that I would like to use this system 
frequently. 
1 2 3 4 5 
2. I found the system unnecessarily 
complex.  
1 2 3 4 5 
3.  I thought the system was easy to use.                 1 2 3 4 5 
4. I think that I would need the support of a 
technical person to be able to use this 
system. 
1 2 3 4 5 
5. I found the various functions in this system 
were well integrated. 
1 2 3 4 5 
6. I thought there was too much 
inconsistency in this system. 
1 2 3 4 5 
7. I would imagine that most people would 
learn to use this system very quickly. 
1 2 3 4 5 
8. I found the system very cumbersome to 
use. 
1 2 3 4 5 
9. I felt very confident using the system. 1 2 3 4 5 
10. I needed to learn a lot of things before I 
could get going with this system. 
1 2 3 4 5 
 
                   


















Annexure B – Information letter for participants (practising radiographers) and 
invitation to participate in the study 
 
UNIVERSITY OF JOHANNESBURG 
FACULTY OF HEALTH SCIENCES 
DEPARTMENT OF RADIOGRAPHY 
 
RESEARCH TOPIC:  Computer Aided Detection tool design for chest pattern 
recognition training of radiographers. 
 
Dear Clinical Tutor 
My name is Sibusiso Mdletshe and I am conducting a research project towards a 
Doctoral Degree in Radiography at the University of Johannesburg. The aim of this 
study is to design a computer aided detection (CAD) tool that can be used to train 
radiographers in pattern recognition of the chest.  
This study is important as it may help contribute to the long term development of 
pattern recognition skills for radiographers and the training of students. This will assist 
in provision of radiology service especially where there is a shortage of radiologists 
while there is a need for reporting / providing guidance for the recognition of abnormal 
patterns.  
The study will be conducted by designing the CAD tool using the current guidelines of 
chest pattern recognition in combination with the available technology / software that 
is used in image analysis. The study will entail interviewing of the practising 
radiographers (clinical tutors) to give a ‘user input’ which will be instrumental in the 
design of the CAD tool in terms of what it must be capable of doing.  
I therefore request your participation in this study. You are being asked to take part in 
this study because you meet the criteria for participation. Your participation in this 
study will only require you to be available for a focus group interview. The purpose of 
the interview will be to create a platform for you to express what you consider to be 
the needs of the tool design. 
197 
 
Participation in the study does not carry any risks.  Participation in the study is 
voluntary and you are free to withdraw from the study at any time you want.  
Confidentiality will be maintained at all times during the study. The data gathered will 
only be handled by the researchers and no names will be used for data analysis and 
data presentation.  
The study will be supervised by Prof A Nel (Mechanical Engineering Science 
Department, UJ) and Dr H Lawrence (Radiography Department, UJ) who can be 
contacted at the numbers given below. The Chair of the UJ Ethics Committee (Prof 
Poggenpoel) may also be contacted should you have any queries regarding the Ethics 
involved in this study. 
It is hoped that this research will contribute positively in improving the training of 
radiographers in pattern recognition of the chest. Should you wish to know more about 
the study, you are welcome to contact me or my supervisors.  
 




Mr Sibusiso Mdletshe (D.Tech student) 
Office No.:  0115596066    Cell No.:  0847022517 
E-mail: sibusisom@uj.ac.za or sibusisomdletshe@yahoo.com  
 
Supervisors telephone numbers: 
Prof A Nel:   0115594667   Dr H Lawrence:  0115596887 
 
Ethics Committee chair telephone number: 




Annexure C - Informed consent form (focus group interview) 
(To be completed by participant/subject) 
 
RESEARCH TOPIC:  
Computer Aided Detection (CAD) tool design for chest pattern recognition 
training of radiographers. 
 
Name of researcher : Mr S Mdletshe (D. Tech Student) 
Names of supervisors : Dr H Lawrence (Radiography Department, UJ). 




I ___________________________________ hereby certify that I have been informed 
about the nature of the study entitled “Computer Aided Detection (CAD) tool design 
for chest pattern recognition training of radiographers.” 
 
I volunteer to participate in the study by taking part in the focus group interview and 
as such give my consent. I understand that all information will be treated confidentially 
and that I am free to withdraw from the study at any time if I so desire. I also understand 
that the study has no risks of any kind.  
 
Signed at _________________________ this _____day of ______ 2013 
 
______________________________ 






Annexure D1 – Letter to participants for usability testing 
6/4/2018 
 
DEPARTMENT OF MEDICAL IMAGING AND RADIATION SCIENCES (MIRS) 




RE: Invitation to participate in the usability testing of an artefact designed for a 
doctoral project. 
Good Day 
My name is Sibusiso Mdletshe and I am conducting a research project towards a 
Doctoral Degree in Radiography at the University of Johannesburg. The aim of this 
study is to design a computer aided detection (CAD) tool (artefact) that can be used 
to train radiographers in pattern recognition of the chest. The focus of this project is 
not about chest pattern recognition but rather about the design of the artefact that can 
be used for the implicit skills development and can be adapted to other anatomical 
regions. This study is important as it may help contribute to the long term development 
of suitable radiography training software and contribute to the use of technology 
enhanced learning, teaching and assessment  
The study has the following phases: 
 Awareness of the problem; 
 Suggestion; 
 Development; 





You are being asked to participate in the evaluation phase of the already developed 
artefact, because you meet the criteria for participation as a Diagnostic Radiography 
Educator. Your participation in this study will only require you to be available for one 
session to interact with the designed artefact followed by a completion of a System 
Usability Scale questionnaire which has 10 questions that are answered using the 
Likert scale. The questionnaire will also have a few demographic questions plus one 
open ended question. It is estimated that your participation will take between 30 – 45 
mins (including the completion of the questionnaire). 
Participation in the study does not carry any risks and it is voluntary with a choice to 
withdraw from the study at any time you want.  Confidentiality will be maintained at all 
times during the study. The data gathered will only be handled by the researchers and 
no names will be used for data analysis and data presentation.  
The study is supervised by Dr H Lawrence and Prof A Nel who can be contacted as 
per details given below. The Chair of the UJ Ethics Committee (Prof C Stein) may also 
be contacted should you have any queries regarding the Ethics involved in this study. 
Should you wish to know more about the study, you are welcome to contact me or my 
supervisors. Your co-operation and participation in the study will be appreciated. 
Yours faithfully 
Mr Sibusiso Mdletshe (D.Tech student) 
Office No.:  0115596066    Cell No.:  0847022517 
E-mail: sibusisom@uj.ac.za or sibusisomdletshe@yahoo.com  
 
Supervisors telephone numbers: 
Prof A Nel:   0115594667    Dr H Lawrence:  0823374850 
 
Ethics Committee chair telephone number: 
Prof C Stein:  0115596564 
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Annexure D2 - Informed consent form (usability testing) 
 (To be completed by participant/subject) 
 
RESEARCH TOPIC:  
Computer Aided Detection (CAD) tool design for chest pattern recognition 
training of radiographers. 
 
Name of researcher : Mr S Mdletshe (D. Tech Student) 
Names of supervisors : Dr H Lawrence. 
Prof A Nel.  
 
 
I ___________________________________ hereby certify that I have been informed 
about the nature of the study entitled “Computer Aided Detection (CAD) tool design 
for chest pattern recognition training of radiographers.” 
 
I volunteer to participate in the study by taking part in the evaluation of the study which 
will focus on the usability testing, and as such I give my consent. I understand that all 
information will be treated confidentially and that I am free to withdraw from the study 
at any time if I so desire. I also understand that the study has no risks of any kind.  
 
Signed at _________________________ this _____day of ______ 2018 
 
______________________________ 



















Annexure G – Excerpt of raw data of the focus group interview 
Male 1 = researcher 
Male 1 Okay, if you are done with them just send those back.  Okay, let me take this 
opportunity to formally welcome you then to this interview and thanks for 
agreeing to participate and, as I explained to you, the purpose of the research is 
to design a tool that you can use in teaching radiographers and students pattern 
recognition of the chest.  There are basically two questions that we gonna be 
dealing with today, so we’ll look at the first one.  We will do it when we are 
done then we will move to the next question and I would like you, colleagues, 
to give me as much input as possible.  So the questions that we gonna be dealing 
with are basically those two questions.  And let me just emphasise that you are 
free…if you feel you don’t want to continue with this you are free to withdraw 
and let’s respect each other in terms of if other person says something, we’ll 
respect every opinion that is expressed.  So the first question that I would like – 
Male 2 Can I ask something? 
Male 1 Yes. 
Male 2 Yes.  Just on the basis that I did not receive the e-mail, if you can just explain 
to us in terms of the duration of the participation that is required for this whole 
process.  Is this the only focus group we having today or you gonna have other 
follow-up?   
Male 1 This is the only focus group but if there are issues that need follow-up that I 
need to go and do something and come back to you guys I can set up another 
session or I can verify via e-mail, etcetera.  Yes.  Alright, so the first question 
that I would like us to deal with is what do you consider to be the needs for 
CAD in pattern recognition of the chest?  So in other words, this one has to…is 
about needs analysis ‘cause when you design something you need to try and 
envision the future.  So I would like you guys to think with all the technology 
that is happening now, the CAD, the CR, the virtual systems, what do you think 
are the needs or if there are any or if there are no needs then you can also tell 
me there are no needs.  And I’m…I have purposely given you the two questions 
simultaneously so that you don’t confuse the two because the next one will be 
talking about what should such a tool be capable of?  So the first one is what do 
you think are the needs of such a tool? 
Male 3 I don’t know if I’m…I’m starting the second one.  From my experience, what 
I’ve seen, I’m thinking the resolution, since it might be computer related.  The 
resolution is very important since every time when we view an image you might 
get the incorrect information ‘cause of the resolution of the image.  Having what 
we CR I’ve seen that you can do only work with thicker areas like pelvis, like 
when you do oblique you find that in other brands…I won’t mention names, in 
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other brands you get a good resolution on a thick…on a thicker part like pelvis 
and then with other equipment you get a grey images.  So that can lead to…in 
terms of pattern recognising to identifying something that is not there, taking it 
for something else.  So I think if you gonna use a tool that’s gonna have images, 
it must have a good resolution.  So if they have to invent something they must 
look at the quality also. 
Male 1 Would you agree with me if I say that it fits more the second question?  So it 
must be capable to resolve the different densities and show you detail properly? 
Male 3 That’s true, that’s what I was saying. 
Male 1 Can we agree that belongs to second – 
Male 3 [INDISTINCT] belongs to the second question, as I said. 
Male 1 So the issue you are raising there is the issue of resolution, must be able to 
resolve.  Okay, thank you for that.   
Female 1 I think – 
Male 1 Maybe, before you say something, I think because the questions are inter-
related, let’s just allow ourselves to talk and then we agree that this one fits the 
needs or this one fits the…what it should be capable to do.  Right, yes? 
Female 1 I was going to say it’s not only…we should not only consider the resolute, it’s 
more again on image quality that should be [INDISTINCT]. 
Male 1 Okay, so the issue of image quality.  So if I understand you well, you are saying 
that the tool must be able to be used by radiographers to evaluate the quality of 
the film? 
Female 1 Yes. 
Male 1 Okay.  Where does that belong?  To the needs or to the capability? 
Group Capability. 
Male 1 Okay, so it’s the issue of image quality.  Okay, right, thanks. 
Male 2 What I… 
Male 1 Okay, it’s fine, you can go on.   
Male 2 I think I counter with the two colleagues on the part where we talking about 
image resolution of quality ‘cause I was coming to say we need to have a system 
which will provide us with consistency in terms of showing us…of giving us 
the adequate quality of the image and I’m speaking in terms of your exposures, 
what you expose or whatever exposure factor you said, we should get exactly 
the same image on the screen.  You need not need to be adjusting or do as much 
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post-processing as what we see happening currently because if you are doing 
pattern recognition and you fiddle too much where there…that’s where you may 
lose certain things and get into misdiagnosis. 
Male 1 Okay. So your main issue, if I get you well, is the consistency of the tool, that 
it must be consistent. 
Male 2 Yes. 
Male 1 Okay, alright. 
Male 4 That’s capabilities.  That should be under two. 
Male 1 It should be? 
Male 4 It should be under question two.   
[CROSSTALK] 
Male 4 But one thing I wanna know – 
Male 1 Okay, before you go on.  So then consistency, will we put it under one or 
question two? 
Group Two. 
Male 1 Okay, alright, and then with that one – 
Male 2 I think it has an element of number of one as well because if on number one you 
speaking about the [INDISTINCT] or the needs, it’s something that you need to 
put forward to the manufacturer to say I want a system that can provide me with 
the – 
[CROSSTALK] 
Male 1 Okay, alright.  So that we are on the same page is it okay if I say because the 
purpose of the tool will not be to produce an image…it will be to take an image 
that is already there and say these are the steps that you use to evaluate the 
image, is it okay if we say that consistency is talking about making sure that 
whether the film is underexposed or overexposed or it’s in the correct exposure, 
the way that the tool works should it be affected by that? 
Male 4 By that, yes. 
Male 1 So it should perform consistently.  In other words, it mustn’t be because this 
one is overexposed you are able to manipulate until you make it as if it looks 
good when it’s not good.  So the tool must be able to say to you this is too dark, 
it can’t evaluate. 
Male 5 So it should be categorised [INDISTINCT]. 
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Male 1 Yes, yes.  Alright.  You want – 
Male 4 Ja, I wanted to ask.  I think I should have asked this question before we started.  
What do you envisage?  Do you want to have this software tool, CAD, 
incorporated into the acquiring system of image…go put it this way, of imaging 
acquiring or is it gonna be a different system where you acquire your image and 
then relay it onto that different system?  Or is it gonna be incorporated where 
you process your film, it’s there and then the software’s also on that same? Or 
are you…is it a different – 
Male 1 It will be after acquiring the image. 
Male 4 After acquiring the image? 
Male 1 Yes. 
Male 4 But on the same or it’s gonna be a different computer with that software…the 
CAD software on or is it gonna be on the same – 
Male 1 It could be…the main idea is that it will be on a separate computer – 
Male 4 Separate computer. 
Male 1 …but if the department feels that it can be incorporated to the main system then 
it can because, remember, the purpose of it will be to take a group of people and 
say now we teaching you pattern recognition in chest.  So the ideal is that it has 
to be on a separate system. 
Male 4 I think if we go back to that…after I asked you that question, in my experience, 
I’ve came across situations where on one computer it’s one make and then you 
got a different make.  So the image that you get from that make and if you 
transfer it to another computer that’s a different make, the quality…the 
resolution…the densities change.  So that’s one little aspect that we need to look 
at just to…I think that’s gonna be a little bit of a pitfall if you gonna have two 
computers. 
Male 1 So that will be under what?  Under question two? 
Male 4 Under question two, ja, I think. 
Male 1 So the…how do we summarise this one?   You will say – 
Female 2 Consistency of you image on – 
[CROSSTALK] 
Male 5 But now I think it must highlight the issue of working with different computer 
systems. 
Male 3 So we should be saying that it should offer consistency within adaptable – 
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Male 4 Computer brands or manufacturers. 
Male 3 …or compatible with – 
Male 4 Compatibility – 
[CROSSTALK] 
Male 1 …compatibility with [INDISTINCT]. 
Male 4 Ja. 
Male 1 Okay, alright.   
Male 3 What did he say? 
Male 6 Compatible with [CROSSTALK] – 
Male 1 Okay, what else can we say about what should it be capable of or what are the 
needs? 
Male 2 What I also think in terms of part of the [INDISTINCT] it seems you are going 
to be dealing with pattern recognition which is the main core of this whole 
system.  One needs to bear in mind that this system also needs to also be able to 
capture your exposure factors because they also come into play a lot, 
particularly if you are in a training institution where everybody alters the…you 
don’t use the same exposures.  So it should have an element where it’s able to 
capture or where you can record your exposure factor so that when…even when 
you doing your recognition you can do comparison to be able to say but this 
was overexposed therefore you might be thinking…or maybe it’s underexposed 
and you might be thinking a patient has [INDISTINCT] whereas not. 
Male 4 Or in the case of a pneumothorax. 
Male 2 Exactly, pneumothorax or at least [INDISTINCT] that patient. 
Male 1 Okay.  So, in essence, what you saying there the system must be able to say that 
this patient was given eighty KA [INDISTINCT] and then when you look into 
that against a patient that was given one twenty-five then you are able – 
Male 2 To assess the same, yes. 
Male 1 Alright, so…and I think…am I correct if I say that is question two as well?  It’s 
the one should be capable of?   
Male 5 [INDISTINCT] I need to have that capturing feature.  I don’t know the linkage, 
how they do that, but in terms of – 
Male 2 [INDISTINCT]. 
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Male 5 No, but it actually does ‘cause you set your exposures from the [INDISTINCT], 
it goes back to your [INDISTINCT] to say is it a separate module on its own or 
is it something [CROSSTALK] – 
Male 4 Incorporate it into the [CROSSTALK]. 
Male 5 If incorporated I think the capturing would be easy ‘cause you set it from there, 
it must just throw it in the box, no one must be able to go change it and say I 
gave hundred wherever that it was – 
Male 1 It was something else, okay. 
Female 2 It needs to be like your EXI on a CR system.  No matter what you do your EXI 
is that, you’re not gonna change it. 
Male 1 You can’t change that.  Okay. 
Male 3 Actually, it does bring to something else that’s saying I don’t think it’s always 
good to…on a CR to give an exposure and if it’s dark you have to make it light 
‘cause it doesn’t really give you a reflection of your exposure.  So what is…what 
you are saying [INDISTINCT] if it was something that you will really get the 
reflection of what you gave and won’t be able to manipulate so that can give 
you a true reflection of what [INDISTINCT].  I don’t know if I’m regurgitating 
what you have said already but what you are saying, that was in the back of my 
mind to say if I give fifty [INDISTINCT] let that be a reflection.  Whatever it 
comes out should be the reflection.  Then if I try to manipulate it, it shouldn’t 
allow me to because often people have done images…let’s say you have done a 
shoulder and then find that it’s a bit light and then I want to make it dark and 
if…afterwards being darker might also give doctors…what do you call it?  
Misdiagnosis.  They might think that there is a pathology somewhere 
[INDISTINCT]. 
Male 1 In essence you are adding to what we’ve said but now you bringing the aspect 
that the tool mustn’t allow you manipulate the exposure factors. 
Male 3 Yes, after. 
Male 1 After. 
Male 3 After. 
Male 4 After [INDISTINCT]. 
[CROSSTALK]. 
Male 3 Yes, that way it’s gonna be…it’s gonna give a true reflection of what you give 
then you’ll know that definitely for a hand that was a good exposure unlike 
giving that exposure then play with the contrast and then next thing you not sure 
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if that [INDISTINCT] if that forty-five or fifty is a reflection of what 
[CROSSTALK]. 
Male 4 Yes.  That can also be good in [INDISTINCT] exposure factors [INDISTINCT] 
for this tool to be adequately utilised. 
Male 3 Then they know ‘cause what they do now, they will just rely on the…what they 
get on the screen.  Sometimes they [INDISTINCT] they giving you a chest and 
it’s exposed and [INDISTINCT] and then if you’re not the…they’ve used 
maybe let’s say [INDISTINCT] instead of a thing then they could always clear 
with a thing.  So if they knew that if I give sixty for a hand it’s gonna be dark 
but definitely they know that for hand that’s what I’ll give and they will be 
[INDISTINCT]. 
Male 1 Okay, alright, I hear you.  So that will be also question two.  What do you think, 
guys?  Question two? 
Group Yes. 
Male 5 Most of these comments, I think they are quite inter-related – 
[CROSSTALK] 
Male 5 When you buying a system or when you designing it you will say it should be 
or it should have, therefore you’ll say the system of [INDISTINCT] therefore 
the capability will then be the result of having that particular – 
Male 1 Ja, because as I said from this combined with literature it will give the 
specifications.  So when I go to the [INDISTINCT] guys I will say these are the 
specifications and they will be derived from both questions.  Right any more?  
Joseph, it looks like you wanted to say something? 
Male 2 I was going to enquire about the point about knowledge management or 
knowledge building into that.  I think the other thing since it’s [INDISTINCT] 
for teaching purposes it needs to be something that also allows us to capture the 
findings or the patterns recognised in the image, there should be that portion 
where you can record it so that even next time when you had a certain image 
from me you finding the same patterns, you can compare to see are they of the 
same appearance ‘cause you relying on appearance. 
Male 4 But what you saying is like your previous x-rays need to be captured on the 
system so if you do the same patient again in future you can compare them. 
Male 2 Compare the two and see if they are still saying the same thing with the same 
notes captured there. 
Female 3 But also same patient and image but different users. 
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Male 5  [INDISTINCT] this would come to a point where you speaking of the users 
and I’m thinking we should also maybe have a way of linking it to a user but 
[INDISTINCT] can be something done by [INDISTINCT].  If I’m x-raying the 
patient then I’ll align myself to that [CROSSTALK]. 
Male 4 I think that’s gonna be a little bit of a…there’s gonna be a challenge there 
[INDISTINCT] but if you’re working on a Saturday and I do a follow-up chest 
x-ray for argument sake on a patient and you not there, how are we gonna go 
into your system…your profile [CROSSTALK]. 
Male 5 The profile will be the patient’s profile, if it’s the same patient [INDISTINCT] 
patient’s profile but then you can see what I [CROSSTALK] – 
Male 4 Who did it last time – 
[CROSSTALK] 
Male 5 …what I did, you put it there for comparison.  You can only change what you 
did.  Obviously with a certain [INDISTINCT].  
Male 4 You mentioned also [INDISTINCT] before you x-ray the patient.  Before you 
x-ray the patient you go and look and see Joseph did this X…Mr X yesterday 
and he gave [INDISTINCT] exposure wise and then you say Joseph’s x-ray was 
over-penetrated so let me just go down a bit, something like that 
[CROSSTALK]. 
Male 1 Okay, so that would be if the tool is implemented widely in the department then 
you must be…so how do we capture that?  It must allow the – 
Male 4 Requisition of – 
Male 1 …some form of logging into the system. 
Male 5 And tracking of previous records. 
Male 1 Okay, and tracking of previous…interesting things are coming out here. 
Male 3 It must be able to give the profile of the same patient to any user. 
Male 1 So this is about the profile of – 
Male 3 The patient – 
Male 1 [INDISTINCT]. 
Male 3 …to any user. 
Male 4 The previous records should be easily…easy accessible. 
Male 1 Easy? 
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Male 4 Accessible. 
Male 1 [INDISTINCT] I think that’s a different [INDISTINCT], do you agree?  It must 
be easily accessible.  When you say easily accessible what do you mean? 
Male 4 [INDISTINCT] what I mean by that is to…if, like I said…my last point I made, 
if I do an x-ray of Mr X and there’s a portable on Mr X and I know Mr X, I have 
to go into the system and check, go and look under Mr X’s profile to see Mr X 
had an x-ray yesterday.  It was over-penetrated because Mr X got COPD.  So I 
have to go down now with this next follow-up x-ray just to give more lung 
markings and more lung [CROSSTALK]. 
Male 1 Okay, so that is access also linked to those two points. 
[CROSSTALK] 
Male 2 The other thing that I also wanted to mention is the…I don’t know how possible 
this could be but obviously it’s also user dependent.  The calibration of the 
various images attached to various pathologies or various patterns whereby you 
could have an example of a pneumothorax so that if you have a very new person 
coming in that you also teaching, they can easily go under the profile of 
pneumothorax and see pneumothorax looks like this therefore whatever they 
see it’s suggestive of a pneumo or [CROSSTALK]. 
Male 4 Like a reference type of thing. 
Male 2 A reference, yes, a reference type of – 
Male 1 It must have a kind of database for comparing all the diseases so you can have 
say pneumothoraxes, you can have lung cancers, you can have TB. 
Male 5 And on this system this is how they will appear with example like images or 
something like that. 
Female 3 A good thing for that one might be something along the lines of what you have 
on CT where you actually have density measurements. 
[CROSSTALK] 
Male 1 Okay, so I’ll say for example something like what is on CT with density 
measurements.  Okay.  Alright, that’s captured.  Alright, what else?  Is there 
more that [CROSSTALK]. 
Male 3 I’m thinking about protective…I’m thinking about something that can…that has 
a protective mechanism, something that cannot use in for if…or have a some 
form of protection should you use it and then let’s say maybe there’s load 
shedding or something, something that can also keep the information. 
Male 4 Backup system. 
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Male 3 Backup systems. 
Male 1 It should have kind of back up…auto back up, something like that that will – 
[CROSSTALK] 
Male 1 So a backup of the system. 
Male 2 Or to use the word auto backup [INDISTINCT] ‘cause it must begin on its own. 
Male 3 Then should you reboot you can still get whatever that you [INDISTINCT]. 
Male 5 So that information is not lost. 
Male 1 Okay.  Alright, is there more? 
Male 4 I’m thinking of expedition…[INDISTINCT] out the process.  What about 
having a preset then you don’t have to type radiolucent line starting from the 
distant portion of blah-blah-blah.  You don’t have to type that in.  That might 
be preset already then you just got to…into this tool and just click on radiolucent 
line or whatever the case may be.  Maybe just to speed up the process because 
of, as we all know, in private practice time is money.  So you don’t want to 
stand there now and type in radiolucent line and at the end of the day – 
[CROSSTALK] 
Male 4 …all your pattern recognition terminology that you’ve gotta use – 
Male 1 So it must have pre-programmed startup images so you can just select and say 
this one [CROSSTALK]. 
Male 4 Yes, yes, and maybe query spiral fracture, query whatever, query tibial plateau 
fracture.  
[CROSSTALK] 
Male 5 That also speaks to the [INDISTINCT] issue of calibration of the 
[INDISTINCT] where two could be linked in a way of saying under your TB 
this is what you find, [INDISTINCT] gland markings, blah-blah-blah.  So if you 
choose to say I’m going to take the [INDISTINCT] from…pattern from TB you 
can easily pick those up. 
Male 4 To add to your point, maybe you got something like chest and then you open 
chest and it will give you TB, pneumonia, blah-blah and then you go into there 
– 
[CROSSTALK] 




Male 4 …blah-blah-blah. 
Male 1 Alright, that makes sense.  Okay, any other? 
Male 6 I’m not sure if I’m going back to what Cecil [SP] was saying.  Can it be some 
that can identify…if I’m repeating it’s fine but can some that can 
identify…‘cause I’m looking at the…when I’m looking at the image there are 
different densities.  You’ve got bone, you’ve got soft tissue, you’ve got fluid, 
you’ve got metal [INDISTINCT].  Can you some that can identify densities to 
say let’s say for air this what we get for air, for bone this what we get for bone.  
I’m bringing this because, as I’m [INDISTINCT] student I’m saying can you 
identify an artifact.  [INDISTINCT] understand artifact they don’t see my 
marker as an artifact but they know artifacts and that obscure.  So it’s something 
like give guidance to what this is.  If they knew that a matter is an artifact, even 
if where they told that…where they were told that a [sic] artifact is something 
that obscure the [INDISTINCT] tract they would have known even if it was not 
in the [INDISTINCT] tract that this is an artifact.  So can it be something that 
can already identify densities to say air is like bone so that you can have 
information amalgamated within the system? 
Male 1 So if I hear you well you saying some…the tool must be able to identify 
densities and link them to certain aspects, whether it’s disease or it’s an artifact 
or it’s a normal structure within that area you looking at. 
Male 6 Yes, that’s – 
[CROSSTALK] 
Male 6 …because they might have a proper chest and they might have an abnormal one 
then you can identify that.  On a normal one this was the density and then on 
[INDISTINCT] not normal one you can see different.  Like [INDISTINCT]. 
Female 3 So you can have a density for [INDISTINCT].  
Male 1 Alright, okay. 
Female 1 [INDISTINCT]. 
Male 4 That’s interesting. 
Male 1 Ja, that’s interesting.  So these can be assigned to e.g. specific pathologies, for 
instance.  Okay, alright, I get it.  Okay, in order to try to talk more to the first 
question can I just throw a question like this?  Do you think there is a need for 
a tool like this? 
Group Yes, absolutely. 
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Male 1 [INDISTINCT] why do you say absolutely? 
Female 2 Because the student’s knowledge of pattern recognition is shocking.  They have 
just come to this stage where I just do the image, it kind of looks like a chest, 
let’s go.  They don’t look for problems anymore, they don’t look at their image 
to say they questioned this but maybe that could be another underlying problem. 
Male 4 What I’ve also come to notice is…sorry, sorry…is the student don’t know the 
difference between pattern recognition – 
Male 6 You see what I was saying – 
Male 4 …and film evaluation. 
Male 6 [CROSSTALK]. 
Male 4 They don’t know the difference between those two.  So if a tool like that can 
come into practice and into play then it will be easy distinguishable between the 
two because if I evaluate a student they go the trachea [INDISTINCT] is 
symmetrical, blah-blah-blah, there’s no rotation.  I’m doing pattern recognition, 
you are evaluating the film now.  Come tell me about densities, tell me 
about…they don’t know the difference. 
Male 6 From what you saying, my experience was if you tell a first year tell me about 
the film, they will think obvious what they see the film they gonna try and tell 
you something about it.  I say can you pass it, yes or no?  They’ll say yes and 
they’ll start giving me pattern recognition.  What else I wanted evaluation.  You 
look at the image – 
[CROSSTALK] 
Male 6 Yes, then when I get to pattern recognition they forget now, they start sucking 
from their thumbs.  Then when I have a third year on a CT and I say can you 
pass it or pattern recognition ‘cause they have done it first and second but then 
you’ll have someone looking at a [INDISTINCT].  [INDISTINCT] the patient 
was not involved in an accident but they’ll start running away from me, they 
start there is no fracture but I’m like did you check the history of the patient?  
Patient wasn’t involved in an accident.  So they are running away from things 
that they know that they should be looking at.  So soft [INDISTINCT].  I’m 
like, no, if the patient is sick look for things that can make their [INDISTINCT] 
whatever but if my patient was involved in an accident then, yes, you 
[INDISTINCT] about the fractures [INDISTINCT] then they like okay, ja, but 
you can really see that they are running away from [CROSSTALK]. 
Male 4 They don’t really know how to put it in words, how to…because what I 
normally do with the students is I tell them this thing is called pattern 
recognition.  You recognise a pattern.  You not making a diagnosis.  You will 
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recognise that why is this lung…this lung is black, this one is also black but not 
as black as that one.  Then you describe that in that way.  You don’t say there’s 
pneumonia or…no.  That’s what they don’t know and I think this tool will be a 
great help for that. 
[CROSSTALK] 
Male 5 Because you may not diagnose but you may actually say is that I suggest –  
[CROSSTALK] 
Male 4 It might be. 
Male 5 …it might be, you pre-empt that, the fact that [INDISTINCT]. 
Male 4 The most important thing is you should describe [INDISTINCT] the pattern 
what you see.  That is pattern recognition. 
Male 5 Articulate from the normal because you see the normal versus the abnormal. 
Male 6 And the other thing that I picked up last time when we doing the critical 
[INDISTINCT] on the patterns was there are certain description that you can 
give.  You can really know as a third year student that this can be related to A, 
B, C, D.  They know how to do [INDISTINCT] for certain [INDISTINCT] 
pathology they know but some of the…or that they do pattern recognition they 
can tell that this can be related to this, not actually diagnosing, saying knowing 
that pneumonia may be started at the lower [INDISTINCT] so this can be related 
to…it will also [INDISTINCT] with that critical thinking to say once they’ve 
seen different patterns they’ll know at some point that it could be associated 
with [INDISTINCT].   You cannot have [INDISTINCT]. 
Male 2 Having spoken about the issues around the discrepancy between the 
understanding of pattern recognition and [INDISTINCT] comes to…it brings 
this issue to light to say can’t the system also be able to have a built-in image 
reference of a normal?  So that when you do a chest x-ray it will show you a 
normal appearance image to say this is how the normal chest looks so that when 
you evaluate yours you evaluate it according to that as a reference as well. 
Male 1 So it will be a built-in – 
Male 2 Image reference. 
Male 1 …reference, normal image. 
Male 2 Ja, [INDISTINCT] normal reference system or software. 




Male 1 Alright, have we exhausted them or are there still more? 
Male 6 The last one just an [INDISTINCT] from what I’ve observed.  Now, on our first 
years first came we never had a chance with them to say…they just came to 
[INDISTINCT] and everything was blank.  So when they came rushing back to 
us we like we didn’t know everyone knew the answers and stuff.  So what we 
did was we took a chest and I said everybody must get their own chest and then 
we evaluated that it’s okay, this how it’s supposed to be just on evaluation of 
the film.  So we went…I had my own…we had our own and then we just showed 
them.  So you gave everyone a task to say everyone bring your own film and 
evaluate.  So what was interesting was the first one, how they evaluated it, was 
some knew that [INDISTINCT] have to be sharp, all the [INDISTINCT] marks, 
others didn’t.  So with the second film we got more information on what we got 
on the first one compared.  On the third one others had already…bearing in mind 
that they’ve got their own, they’re checking whether what they have is 
[INDISTINCT] so every time when they can [INDISTINCT] even so the 
smallest thing that we didn’t even know…that I didn’t even teach them ‘cause 
they still go to [INDISTINCT] they still go to all these [INDISTINCT].  So after 
the last…I think on the tenth image…‘cause even [INDISTINCT] continue the 
following day they were so enriched and then you could tell out of them how 
many were paying attention because, remember, I gave them a chance to ask 
questions so if I ask a tough question, when is your [INDISTINCT], I’ll also ask 
a tough question.  So the last one at the end after seeing most of them he could 
answer most of the questions.  So having to see a thing again on a 
[INDISTINCT] it will also help you to have an overall knowledge before you 
can even go and do that pattern recognition.  I think let’s say if I had to take a 
third year…‘cause this was a first, if I had to take a third year I think by the time 
they are…they have viewed the system maybe several time but [INDISTINCT] 
I think they’ll be at that level. 
Male 1 Interaction with the tool will help to increase their knowledge so the need for 
the tool is to assist with increasing the knowledge base because the more you 
interact the more it’s…okay.   
Male 3 And it will increase their observing skills ‘cause immediately you see it you just 
look for this and that and that and that. 
Male 4 Your eye will be trained, basically to identify the abnormal periods. 
Male 2 And for us that trained long time ago with our normal analogue which you had 
to put there [INDISTINCT] from the processor with those old viewing boxes 
and [INDISTINCT] your eye was trained to start right there from 




Male 2 …right up until the end.  Now currently it’s just…that’s it.  Whether they 
[INDISTINCT] some of them don’t even see that they [INDISTINCT]. 
Male 4 ‘Cause one of our lecturers, when I was a student, she did her master’s in pattern 
recognition there in Birmingham.  I don’t know if you know Mrs Imelda [SP] 
Williams [SP] from Tygerberg? 
Male 1 I’ve seen some of her publications. 
Male 4 Yes, she’s excellent.  Anyway, she used to tell us that if you start doing a pattern 
recognition, you should have a pattern.  Either start at the spine of the chest, for 
argument sake, go outwards or start from out and go inwards.  So I think – 
[CROSSTALK] 
Male 1 So you are saying it must have a structured approach? 
Group Yes. 
Male 4 It mustn’t allow anybody just to start from the top.  I don’t know how the 
computer guys are going to do all these things. 
Male 3 [INDISTINCT] in the image slightly, say have you recognised?  
[CROSSTALK] 
Male 1 Say that again. 
Male 3 Built-in audio facility.  How [INDISTINCT] gonna do I don’t know. 
Male 4 It will communicate with you, telling you start there or start there or have you 
done this or – 
Male 2 So, ja, a guiding voice. 
Male 3 [INDISTINCT] pictures and audio and colours, they really [INDISTINCT] 
whatever that you get like if I were to say let’s say maybe if I can maybe 
say…what can I say?  Let’s say metal.  I can look at the metal at this point and 
say I know this is a metal but for a first [INDISTINCT] if you can look and 
listen to the metal somewhere it’s got to capture [INDISTINCT].  Other one you 
can say metal and put a colour on it so you grab three things so if you lose one, 
you left with two.  So it’s – 
Male 4 Visual stimulation. 
Male 3 Yes. 
Male 4 Audio stimulation. 
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Male 3 Yes.  And most of…I’ve got…I’ve seen student who are studying…speaking 
or seeing when they looking at that thing.  Others prefer to keep quiet, others 
prefer a quiet place and those are the [INDISTINCT] noises.  Some disturb, 
some they use that, some they prefer to put on music.  So in a way it really 
deliver message to certain sensors in your brain.  So it also helps.  So I think if 
it can be something that there’s an audio, colour – 
Male 6 Built-in audio and colour that can assist 
Male 3 Yes, that I’ve seen working, I must say. 
Male 5 Maybe that voice will say have you looked at your lung [INDISTINCT], have 
you looked at the bone factor, have you looked at –  
[CROSSTALK] 
Male 5 …guiding thing, then you’ll also have a [INDISTINCT] pattern – 
[CROSSTALK]  
Male 4 You listen to the voice five times and now number six you don’t need the voice.   
Male 5 Exactly. 
Male 6 I’ve seen children when they’re taught how to cross the road, turn left, turn right 
– 
[CROSSTALK] 
Male 6 …so we have to be kids [INDISTINCT]. 
Male 1 Okay, I think we’ve exhausted them.  Is there more? 
Male 4 I was just thinking one last thing, sorry, guys.  We had these points about the 
densities.  Don’t you think we have to have a similar debate around positioning?  
Positioning can also cause a [sic] adverse pathological appearance on the x-ray.  
So I believe that you get an enlarged heart now you say – 
[CROSSTALK] 
Male 1 Otherwise you saying the tool must be able to educate you around the issues of 
detecting the correct positioning. 
Male 6 ‘Cause with a rotated chest you get to different things [INDISTINCT] you must 
think [INDISTINCT] pathology. 
Male 4 Ja, inspiration, expiration – 
[CROSSTALK] 
Male 1 Okay, I’ll just say incorrect practice and then I’ll say for example positioning. 
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Male 4 Maybe you can incorporate the – 
Male 1 [CROSSTALK]. 
Male 4 …a think like in CT where if the patient is rotated you just go there, straight to 
the patient.  
Male 2 Maybe there should be questions that it asks you for [INDISTINCT].  
Male 6 [INDISTINCT]. 
Male 1 Okay, I think we can just go around the table and ask if there’s more.  
Male 4 There’s one thing I wanna ask?  If it comes out can I get it for free? 
Male 1 Pardon? 
Male 4 Us, we must get it for free. 
[CROSSTALK] 
Male 5 What do you call us?  We’ll be the…what do you call?  The guinea pigs. 
Female 1 [INDISTINCT] you were talking on basically maybe on the specifics of these 
[INDISTINCT].  What about the quality control measures that have to be done? 
Male 1 Right.  Say more on that.  
Female 1 Like on weekly basis this and this has to be checked for instance. 
Male 1 On the tool itself? 
Female 1 Ja.  
Male 3 Like your self-diagnostic tests every morning 
Male 1 Quality control, our system must itself.  Okay, that’s good, that’s good.  So 
[INDISTINCT]. 
Male 6 [INDISTINCT] maybe I should add more. 
Female 3 I’m thinking in terms of lines or something like that that you can say have you 
checked on this line?  If you looking at ribs or heart or lungs.  So just giving an 
idea or a hint to whoever’s looking to check [CROSSTALK]. 
Male 1 Okay, so then also add to that built-in audio [INDISTINCT] put this one and 
say specific reminder about checking lines and – 
Male 4 [INDISTINCT] and all those lines now or are you talking about – 
Female 3  No, like a [INDISTINCT] line. 
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Male 1 [INDISTINCT]. 
Male 4 Oh, those lines, okay. 
Male 1 Those lines and even things like the [INDISTINCT].  
Male 4 Yes, yes, that’s good, ja. 
Male 1 Can I take that as the last one? 
Male 6 Yes. 
Male 1 Okay, colleagues, thank you very much for taking time.  I know that you have 
to [INDISTINCT] to be back at work but I’m hopeful that this will assist and, 
as you requested, so, yes, you’ll be the first one to have the tool and, as I said, 
it’s just gonna be a matter of time because I’m meeting the engineering guys 
next week and then I need to give them the specifications and then they tell me 
what will they be able to do and what they can’t and then we go back to the 
drawing board and then meet with them again and hopefully by March/April 
they would have designed the tool and I start doing that with the students, testing 
before they use the tool, and then teach them up with the tool and then let’s see 
again afterwards if it has improved their approach on picking up things that are 
[INDISTINCT] on the image. 
Female 2 Will this eventually end up with us having robotic radiographers? 
Male 4 No, this is not doing our work.  This is assisting us, it’s aiding us 
[CROSSTALK]. 
Female 2 Can it end up with us being replaced by robots? 
Male 4 No, you sit…I love technology.  You sit in front of a laptop and then you do 
your pattern recognition, it just makes it easier for you.  You are still the guy 
who takes the decision by saying that [INDISTINCT].  They think 
[INDISTINCT] easier for you by having all these tools and – 
[CROSSTALK] 
Female 2 If you can put all that easiness into a robot then you don’t need you anymore. 
Male 4 And you don’t have lungs.   
[CROSSTALK] 
Male 1 Guys, just to…I know that out of this when we do interviews is to do 
[INDISTINCT] checking.  That’s why when we said something I will go back 
and say is this what you mean?  But to do the [INDISTINCT] checking further 
I will summarise using the notes I’ve taken and listening to that and I will put 
the important points and I will e-mail it to you just to say to me, yes, this is what 
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we spoke about.  If you feel I’ve left out something or I’ve included something 
that we did not say then you can tell me and then afterwards we can take it as a 
final list. 
Male 2 Are we allowed to make additions on the final draft that you’ll be sending us? 
Male 4 If something perhaps comes up later? 
Male 1 Yes, you can but you must note it accordingly that this was not discussed in this 
interview and I think it’s important [CROSSTALK]. 
Male 5 It’s a further thought. 
Male 1 Okay, thank you for your time and if you still want to help yourself to the food 
– 
[CROSSTALK] 
Male 1 Thank you very much. 
[CROSSTALK] 
Male 4 This one was very interesting. 
[CROSSTALK] 
Male 1 Thank you. 
[CROSSTALK] 
Male 4 Very stimulating also. 
[CROSSTALK] 
Male 1 …questionnaires back – 
[CROSSTALK] 
Male 1 The questionnaires and the consent forms, those are the important things to give 
back. 
Male 6 To give to you?  Consent form – 
[CROSSTALK] 
Male 1 That one is not completed so it’s fine.  Okay.  
Male 6 [INDISTINCT]. 




Female 1 You don’t need this? 
Male 1 I don’t need this one.  Just the one where you had to state your – 
[CROSSTALK] 
Male 1 Okay, thanks, guys, for this morning’s meeting and for this.  I appreciate it.  
Cheers, guys. 
[CROSSTALK] 
--- END OF AUDIO --- 
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Annexure H – SRS document 
Software requirements specification (SRS) 
Project Title:  Computer-aided detection (CAD) tool design for chest  
pattern recognition training of radiographers 
Authors:   See Team Member Details in section 1.5 
Background 
The compilation of this document is the suggestion phase which is a second phase in 
a study that has four phases. This phase is critical in the accurate, user friendly and 
meaningful design of the artefact. In line with this, the researcher attended the Image 
Programming Challenge course that was run by the Department of Mechanical 
Engineering. The primary purpose of attending this course was for the researcher to 
gain insight into the available software applications that could be used in the design of 
the artefact. The researcher will work with the project team from this department in 
proposing a set of applications that will be used in the design. The design will be 
informed by the critical review of the various approaches that are currently used in 
teaching chest pattern recognition and the review of the available similar software 
applications. 
The approach that will be employed during the suggestion phase will be as suggested 
by Nel (2013) and essentially has four important components as summed up in Figure 
1 below. 
 
Figure 1 Suggestion phase approach (Nel, 2013). 
 
TF comprises the needs analysis which will indicate what the tool must be capable of 
doing. This was achieved in two ways. Firstly, practicing radiographers who also 
function as clinical tutors of student radiographers were interviewed in a form of a 
focus group to establish what they consider as the needs for Artefact in chest pattern 















inclusive of chest radiography, they are also involved with the training of students. The 
use of the focus group was chosen as a method of data collection because the 
researcher sought to understand the group’s view and experiences in chest pattern 
recognition rather than an individual’s experience. This approach also allowed the 
building of relationship or buy in from stakeholders (McCawley, 2009: 14).  The clinical 
tutors were asked two fundamental questions: (a) What do they consider to be the 
needs for CAD tools in pattern recognition of the chest and (b) What should such 
a tool be capable of in order to be useful in training of radiographers. The 
researcher used the interviewing techniques (including confirmation, probing and 
paraphrasing) in order to gain detailed views / opinions. Secondly, a literature review 
was done by the researcher which was combined with the responses of the 
radiographers to form a consolidated ‘user input’. During this phase the researcher 
considered the various approaches used in the teaching of pattern recognition in chest 
radiography and consolidated this information as a form of guidelines that informed 
the requirements from the tool. 
CF will deal with the consideration of multiple options that can be used to achieve the 
development of the tool. The options will be considered against the outputs derived in 
the TF phase. CF will also establish the software that will be considered as the most 
appropriate for the development of the tool. This was achieved by the convening of 
the meeting of the project group. Following the meeting, the group agreed to compile 
the software requirement specifications which will indicate the software that will meet 
the specifications and also identify the design team. 
CS if a follow up on CF and seeks to carefully refer the outputs of CF back to the TF 
stage to select the most appropriate option. 
PDS seeks to show what the process of the tool design will be aiming to achieve. It 
will therefore list the critical parameters, specifications and requirements for the 
Artefact that will be designed. This phase therefore does not indicate what the tool will 
be like but rather what it must be able to do.  
 
The specifications written below are therefore based on the needs analysis focus 
group interview held with the clinical tutors and incorporates the relevant literature. It 
also takes into considerations the discussions held by the team members on the 13th 
December 2013.  It is important to keep in mind that the software to be designed is 
not to be used for diagnostic purposes but will be used as a teaching tool. 
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It is hoped that this SRS document will serve accomplish the following, as highlighted 
by Le Vie (2010) as the major goals of the SRS: 
 It will provide the feedback to the researcher as the client for whom the software 
will be designed. 
 It breaks down the problem into manageable parts in orderly fashion. 
 It provides an important input to the design specification.  
 It serves as a product validation check. 
 It serves as a master document against which the designed tool will be tested 
and validated. 
1. Introduction 
1.1 Purpose This document spells out the SRS for the design of the 
artefact that could be used for training student radiographer 
in plain radiography chest imaging pattern recognition. The 
document also seeks to describe the scope of the system, 
inclusive of both functional and non-functional requirements 
for the software and related design aspects. 
1.2 Date and version 13 December 2013, version 1. 
1.3 Scope The CAD tool design project is underpinned by the following 
objectives: 
 Design an artefact for plain radiography chest imaging 
using the current pattern recognition guidelines. 
 Test the suitability and applicability of the designed 
artefact in order to fine-tune it where applicable. 
 Pilot the tool in the training of radiographers. 
Based on these objectives, the software must be able to do 
or have the following: 
 Good resolving ability. Generally conventional 
radiography has a resolution of 5-10 line pairs per 
millimeter (lp/mm) and for computerized (CR) and digital 
radiography (DR), this is reduced to about 2.5 lp/mm 
(Kanal, 2010) (NB: the images used could be a 
combination of conventional radiography films and digital 
– CR or DR). 
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 Must have the ability to work with varying matric sizes 
used during imaging (typical matrices as described by 
Kanal (2010), CR: 1760 X 2140 X 10 bits/pixel and DR 
2048 X 2560 X 16 bits/pixel. 
 Must be able to import the technical factors from the 
original source. 
 Must have a user profile tracking ability. 
 Must be able to capture patterns that were previously 
done on the system that have similar notes / findings.  
 Must have a preprogrammed bank of terminologies and 
their definitions for the common pathologies. 
 Must be capable of measuring or assigning density 
values to structures. 
 Must have a built in audio and colour coding abilities. 
 Must be able to perform measurements (using a ruler) 
and perform basic calculations like ratios. 
 Must have the ability to draw, trace, and hide structures. 
 Must be capable of having a step by step approach that 
will provide feedback to the user if any step was missed. 
 Must be able to magnify objects and define regions of 
interest. 
 Must be able to incorporate self-test functions. 
 
1.4 Additional information The study will be conducted at the University of 
Johannesburg as a collaborative project between the 
Departments of Radiography (Faculty of Health Sciences) 
(FHS) and Mechanical Engineering Science (Faculty of 
Engineering and the Built Environment) (FEBE). The 
Mechanical Engineering Science Department will be 
instrumental in the actual software development of the 
artefact while the Radiography Department (location of 
primary researcher) will be instrumental in: 
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 The compilation of the guidelines that will inform tool 
development;  
 Ensuring the adequacy of the tool; and  
 Evaluation of the tool.   
1.5 Contact information /  
team members 
Instructor: Mr Sibusiso Mdletshe – sibusisom@uj.ac.za 
Team Leader 1: Prof Andre Nel – andren@uj.ac.za  
Team Leader 2: Dr Heather Lawrence - heatherl@uj.ac.za  
Software Designer 1: Mr Trevor Ho. 
1.6 References See last page of document. 
2. Overall Description 
2.1 Product perspective The artefact is a standalone tool that provides functionality 
described in the Product functions section. In addition it 
must have interfaces to external systems e.g. CR or DR 
systems, virtual software used for student training, DICOM, 
etc. The detailed definition of the external system is out of 
scope of this document. The CAD tool will work on the SQL 
server.  
2.2 Product functions The product will function to teach the student radiographers 
a step-by-step approach in the pattern recognition of the 
chest which has various approaches. For the purpose of the 
design, the product must be able to be used in the following 
approaches. 
Approach 1: Check the quality of the image using the 
pneumonic ‘RIPE’ (Yaakob, 2007) 
 Rotation, 
 Inspiration, 
 Positioning, and  
 Exposure. 
 
Approach 2: As suggested by Rockall, Hatrick, Armstrong & 
Wastie (2013:20).    
 trace the diaphragm,  
 check the size and shape of the heart,  
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 check the position of the heart and the mediastinum,  
 look at the mediastinum, examine the hilar shadows,  
 examine the lungs, check the integrity of the ribs,  
 clavicles and spine and examine the soft tissues, and  
 Assess the technical quality of the film. 
 
Approach 3: A step by step approach suggested by Corr 
(2003:33) 
 Soft tissues: compare both sides. In females check 
both breast shadows are present. Look for focal soft 
tissue calcification and subcutaneous gas. 
 Skeleton: count all ribs. Check for focal lesions such 
as metastases (lytic or sclerotic) and fractures. Check 
clavicles, shoulders, cervical and thoracic spines. 
 Lungs: compare both sides. Divide the lungs into 
three zones: upper, middle and lower and compare 
both sides. 
 Diaphragm: the right hemi diaphragm is 2cm superior 
to the left. Compare the shape and position. Look for 
free air beneath the diaphragm. 
 Hilar regions: the left is 2cm superior to the right. 
Check position, contour and density. 
 Mediastinum: check the position with two thirds of the 
transverse diameter of the heart to the left of the 
spine and one third to the right. In the superior 
mediastinum the trachea should be central anterior to 
the thoracic spine. 
 Heart: check size (normally less than 50% of the 
cardiothoracic ratio), position and contour. 
 Pleura: normally invisible. Check costophrenic 




2.3 User classes and 
characteristics 
Must have two classes of users: 
A. All team members will have access that allows editing 
of the content, addition of information, setting of 
tasks, etc. 
B. Student who should have the ability to use the tool as 
set up by the team members. 
2.4 Operating environment The tool must have limited portability in order to maintain 
copyright and ensure that it is used within controlled 
environments.  
2.5 User environment The tool will be used within a designated environment with 
the necessary security. 
2.6 Design  The design must be user friendly and in line with the current 










The rows to the right of the image represent various 
functionalities that the user can choose from. Each of the 
functionalities must have sub-functionalities to allow further 
exploration / use. 
2.7 Assumptions and 
dependencies constraints 
The tool design will assume that the user has knowledge of 
the basic computer technology and therefore will be able to 
follow the instructions. There are expectations that the tool 
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could have limitations in terms of interfacing with certain 
platforms / software. Further constraints will be detailed 
during the design of the actual design of the tool. 
3. External Interface Requirements 
3.1 User interfaces  
3.2 Hardware interfaces  
3.3 Software interfaces  
3.4 Communication 
protocols and interfaces 
The language of communication to be used is English. 
4. Other Non-functional Requirements 
4.1 Performance 
requirements 
 Must be able to operate consistently. 
 Must be compatible with different computer packages / 
equipment vendors to allow it to be used in various 
platforms. 
4.2 Safety requirements The software must have auto back up in order to ensure that 
work already done is not lost. 
4.3 Security requirements The software must only be accessible through the use of 
usernames and passwords allocated to each user. As such 
the software must have user profile tracking capability. The 
team members must be able to change and limit the user 
access. 
4.4 Software quality 
attributes 








 Implementable in multiple computers. 
5. Other Requirements 
Appendix A: Terminology / 




Appendix B: To be 
determined 
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7.2  Example of a chest x-ray tutorial - 
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